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plant, with the first full-scale atomic piles in this country 
had 16 high-efficiency blowers of great capacity, each 
absorbing 2,500 h.p. These were supplied by 


HOWDEN 


For the new advanced 
gas-cooled reactor 


AT WINDSCALE 


Howden have been chosen to supply four main CO, 
circulators having the following features:— 
(1) Inlet Vane Control giving stable operation over full 
operating range. 
(2) High-efficiency aerofoil-bladed radial-flow Impeller 
and Diffuser. 
(3) Oil-bath Bearings. 
(4) 1570 h.p. constant-speed A.C. Motor 


(by Laurence Scott & Electro Motors Ltd.). 

(5) Special Cooling Arrangements. 

(6) Entire assembly enclosed in Pressure Bell. 
This novel arrangement of circulator requires acrodynamic, 
heat transfer, and mechanical design of extremely high 
quality. 
A factor influencing the selection of Howden for this im- 
portant contract is their extensive experience in all these 
aspects of design and of the manufacturing problems involved. 


JAMES HOWDEN AND COMPANY LIMITED 
195 SCOTLAND STREET, GLASGOW, C.5, and 15 GROSVENOR PLACE, LONDON, S.WI. 
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BEARDMORE 


Heat Exchanger Lifting Girdle 
manufactured by Beardmore for Messrs. Babcock & Wilcox Ltd. 
This unit, which was designed for a load of 400 tons, 
will be used in the erection of the completed shells 
of the Steam Raising Units at the Hinkley Point 


500 M.V. Atomic Power Station. 


Forgings and Castings to the 
largest dimensions in Carbon and 
Alloy steels, including Boiler 
Drums, Forged Steel Fully 
Hardened Work Rolls, Forged 
Steel Solid and Composite Back-up 
Rolls, Heavy General Engineering 
Plant and complete machining 
facilities. Heavy Rolled Plate for 
Nuclear Power Installations. 
Rolled Steel Billets of all qualities 
for reforging. 
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Philips X-Y recorder PR.2220A/o0 records the relation- 
ship between two variables which can be represented 
by small D.C. voltages. The unit consists of two 
completely independent measuring circuits operating 
on the automatic zero balancing principle, in which 
the pen is operated by one of the circuits and the 
chart drive by the other. Leaflet IM4-A12 gives 

full technical details — write for your copy now. 


Sole distributors in U.K.: 


X-Y RECORDER TYPE PR.2220A/00 


Zero-point position 


Accuracy 

Balancing force 

Damping of the servo-system 
Bridge current 

Amplifier 


Permissible input impedance 


Permissible D.C. voltage 
across input terminals and 
earth 


Permissible A.C. voltage 


at 0, 20, 40, 50, 60, 80 and 
100% of the full scale 


0.5% 

Approx. 300 grams. 
critically adjustable. 

I mA + 0.1%. 

A.C. amplifier, plug-in type. 


400Q)/mV of measuring 
range selected * 


1000 x span, 100 V maximum * 


across input terminals 0.00! 
Xx span; across input terminals 
and earth 100 x span* 


* Criterion of reproducibility 0.1%. 


Y-CHANNEL 

Direction of pen movement 
Graduation of scale 

Length of scale 


Balancing time 


X-CHANNEL 
Chart travel 
Scale 


Length of X-axis 


Response time 


Recording unit 


horizontal. 
linear from 0 to 100. 
250 mm. 


! sec. for full scale deflection. 


vertical upwards or downwards. 
preprinted strip chart. 


250 rom: after change of 
transmission ratio 360 mmm. 


2 sec. 


ink container and capillary 
stylus for 0.3 mm line width: 
tear-off arrangement for 
recorded diagrams. 





MEASURING RANGES 
Y-CHANNEL 

incre hpnetveceus 5 mV 
Muagccsentesiacens 10 mV 
Riencreueyeriaeveues 20 mV 
ee 50 mV 
Dencssvedccesnscecs 100 mV 
ic ttesciessenaees 200 mV 
ee 500 mV 





X-CHANNEL 

GO. .cnscresvecpevess 20 mV 
Oo cevecsstensvesvies 50 mV 
Davveicaverceeseves 100 mV 
Disdanscusaccnesuns 200 mV 
_ nT one eer 500 mV 








The Philips X-Y Recorder is a 
Product of N.V. Philips, Eindnoven. 


RESEARCH & CONTROL INSTRUMENTS LTD 


instrument House - 207 King’s Cross Road - London - WG-1 


Telephone - Terminus 2877 
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POWER PLANT PIPEWORK 


We design, manufacture, manipulate and install pipework for all types 
of industrial plants and are able to provide a comprehensive service to 
our customers. 

In addition to pipework for general services, our range of products 
includes steam, gas, water and air mains, coils, tubes for boilers and 
heat exchangers. We also supply tubes owl rectangular hollow sections 
for mechanical, structural and general engineering purposes. 


STEWARTS AND LLOYDS LIMITED 


GLASGOW - BIRMINGHAM - LONDON 
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Vokes now ofter flame-proof 
55 ABSOLUTE’ filter panels 


which fully meet U.S. Atomic Energy Commission, Bulletin 80 28/7/58 
and current requirements. 


















Vokes filters are playing an important part in the vast 
programme of nuclear development both in the 
United Kingdom and many overseas countries. A 
vital contribution was the introduction of the Vokes 55 
‘Absolute’ filter range which deals with dangerous 
dust particles in the 0.1 to 0.5 micron range and has a 
methylene blue dust cloud test efficiency in excess of 
99.95% ...a contribution still further increased 
by the addition of ‘Absolute’ types for applica- 
tions where flame-proof construction is required. 
High Temperature panels are also available for use 
where operating temperatures as high as 1,000°F. 


are prevalent. 


and remember...... 


Initial efficiency of 99.95°%, against a 
standard methylene blue test cloud 
in the 0.1 to 0.§ micron range is 
guaranteed. Efficiency rises with use. 
Every Vokes ‘Absolute’ filter is fully 
and individually tested before despatch 
and is unreservedly guaranteed. 

Our engineers will be glad to give you 
full details of the Vokes flame-proof 
and high temperature ‘Absolute’ filters 
and to discuss your particular problem 
with you, in order to ensure maximum 
safety operation. 


VOKES LIMITED - GUILDFORD - SURREY 


Tel: Guildford 62861 (6 lines) 
Grams. & Cables: Vokesacess, Guildford. Telex. 
Telex : 13-535 Vokesacess, Gfd. 


VOKES AUSTRALIA PTY. LIMITED, SYDNEY REPRESENTED THROUGHOUT THE WORLD 
v502 
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Evershed flow or differential pressure 
transmitter, Type ER.125, designed for 
accurate measurement and to give reliable 
service under the most exacting 
conditions. Suitable for oil, viscous or 
corrosive fluids, water, steam or gases. 


f 


@ 


Where measurements 
matter most— You will find 


instruments 


Evershed simple analogue computer, 
Type ER. 92. A computing device for the instan- 
taneous and continuous solution of equations 
occurring in the day to day operation of process 
control, boiler control or the control of gas 

or fuel flow systems. 





INSTRUMENTATION DIVISION EVERSHED & VIGNOLES LIMITED 


ACTON LANE WORKS * LONDON W,.4 Telephone: Chiswick 3670 Telegrams & Cables: Megger London Telex 22583 
7/136 
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ce The remote 

ooh handling and 

O machining of radio-active 
oO materials calls for design and 


construction of equipment by engin- 
eers who haveasound background 
in special-purpose machinery 
and machine tool production. 
More important, they must 
have a detailed knowledge 
and appreciation of the 
problems peculiar to 

the Nuclear Industry. 


\ .EVANS 


We have both the engineering 
skill and ‘‘know-how.”’ With the 
close collaboration of the United 
Kingdom AtomicEnergy Authority, 
we have already designed and 
installed equipment at the Dounreay, 
Windscale and Springfields plants. 

The illustrations show the exterior and 
interior iustallation of a remotely con- 
trolled precision lathe for the machining 

of irradiated fuel elements at Dounreay. 
We shall be pleased to visit you at any time 
and you are cordially invited to our works 
where selected films and a most interesting 

range of activities can be seen. 


MARCYN WORKS, 
GOLDSMITH AVENUE, PORTSMOUTH 
Telephone: PORTSMOUTH 32233 
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The ancient Egyptians took nearly a 
century to build the pyramids. Nowa- 
days the framework of a building soars 
into the blue almost in the time it takes 
to say “ prefabrication.” 

Speed is the essence of modern 
building and that means prefabricated 
steel that can be erected quickly on 
the spot. 

Skinningrove specialises in speedy 
deliveries of fabricated steelwork in ail 
shapes and sizes. Personal attention is 
given to every order which passes 
through the works. From the time the 
order reaches the office until it is 
delivered to the site everything is 
done to see that the work proceeds 
quickly. 

For fabricated steel it’s Skinningrove 
for speed and service. 

Send for a copy of the new 
Skinningrove Section and Underground 
Roof Support booklets which give 
details of sizes rolled and services etc. 


Telephone: Loftus 212. 
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SKINNINGROVE IRON CO. LTD. 


SALTBURN, YORKSHIRE. 


1960 








»peration PROGRESS 


VA) 


~SF a 


150 MW Progress by this Group, designers and builders of the world’s first 
500 MW atomic power station, is being made not only at Hinkley Point 


but also to meet export requirements. For stations of similar type for 
250 MW construction overseas, detailed design studies have been completed 


BABCOCK TAYLOR 


ENGLISH 


& WILCOX WF WOODROW 


ELECTRIC 


THE ENGLISH ELECTRIC COMPANY LIMITED BABCOCK & WILCOX LIMITED TAYLOR WOODROW CONSTRUCTION LIMITED 
Marconi House, Strand, London, W.C.2 Babcock House, Euston Road, London, N.W.1 Londen 
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80% 


HIGHER OUTPUT CURRENT 





with the 


2Mcs 


VS.10.H 











TROCHOTRON 


This new beam switching tube is the second in a range of Trochotrons under 
development by Ericsson Tube Division. Its outstandingly high current 
output offers a ready means of directly operating any of the series of 
Digitron® register tubes or similar devices including electromechanical 
registers. Its high speed will be of particular interest to engineers engaged 
in the design of nucleonic equipment, digital computers and other switching 
applications. The circuitry associated with the Trochotron being simple, 
gives added reliability and-consequently saves on component costs. The 
overall dimensions of the VS.I0.H are the same as the earlier VS.10.G. 





BRIEF SPECIFICATION 


Max. Target Voltage . . . . 300V Min. Input Pulse Duration . 0.25 uS 
Nom. Spade Voltage . . . . I40V Max. Counting Speed . . . 2Mc/s 
Max. Target Current . . . I8mA_ Heater 63V . ... . O.5SA 





N.B. The VS.10.H specification embraces that of the VS.10.G 





The whole range of Trochotrons will be colour coded for ease of identification. 
VS.10.G—Red VS.10.H—Yellow 


For further details write to: The Technical Services Dept. 


Aa OS@)\\| TUBE DIVISION 


BEESTON - NOTTINGHAM 





A full range of Trochotrons, Dekatrons and Digitrons will be on show at the 
Physical Society Exhibition, 18th—22nd January, 1960. STAND No. 104, 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. Tel: HOLborn 6936 
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Considerations of economy in cranes 











Ay 

Ny) 
Vs, 

7 / 


aT, 
A 


fi 


A Butters Electric Derrick effects : 
both immediate and long term saving offcost 


VV 


Ly 





/ 


INITIAL COST YY 


pr 


much lower than most other type 


of similar performance 2 
ACTUAL RUNNING COSTS 


‘of crane 


~ 


~ 


are infin&tesi ria. 
MAINTENANCE COSTS ARS 
are negligible ANY 
oNX/ 
HIGH SPEED OF OPERATION DISS 


® saves tit 














and money 


CAN BE SITED ANYWHS§ 
YF 


Ways required ‘ 


ise 
ERECTION AND ; 







aay fy * a ; 7 . 
Am ri | arsSsimple and rapid 


~ 
be) =, 








AY, F ai “f - Naf 
Completely s af S7andigasil yy contrat d 
ig 1 ie 










hy’ handle uf FG 
Ly ~ 
gy ddition to these point 


ell-maintained derrick crane 


Ymore to requirements 








it shguld be borne in mind that 
Merve for many years 


— v7 4 
Be 4 






<p : , , 
pices end maintenancé service ensures continuous operation 


wees 


BUTTERS DERRICKS 
marke light of heavy loads 


BUTTERS BROS. & CO. LTD., MACLELLAN STREET, GLASGOW, S.| 
LONDON: THE CRANE WORKS, LONG LANE, HILLINGDON, MIDDLESEX and at BIRMINGHAM & NEWCASTLE 
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Mr. Davis is scheduled to be a bit behind 





For three weeks Nuclear Power lay buried on Mr. Brown’s 


desk. 





Then Mr. Smithson became interested in a treatise on two- 
group theory that he never actually got round to. That took 


fourteen days. 


Now the real readers will be in possession for months. Mr. 


McDuff, here, has spilt coffee on page 22 and abstracted 





some graphs that specially caught his eye on page 29. 


By the time our magazine reaches Mr. Davis it won’t be 
what it was. Pity—because of all these people Mr. Davis is 
potentially the most brilliant. The sooner he fills in the pre- 


paid subscription card facing page 166 the better. After all, 





a personal copy of Nuclear Power costs only 3/6 a month. 
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Heat 
kixchangers 


Windscale 


( One of the significant contracts being undertaken by 
International Combustion (Nuclear Applications) Limited 
is the supply of heat exchangers for the Advanced Gas Cooled 
Reactor at the Atomic Energy Authority’s plant at Windscale. 
The design, development and manufacture of such equipment 
is in the hands of highly skilled International Combustion 
engineers at Derby, where adequate facilities 
exist for the application of the latest welding and 
manufacturing techniques involved in work of this type. 





A sectional model of one of the heat exchangers 
for the Atomic Energy Authority’s plant at Windscale 





INTERNATIONAL COMBUSTION LIMITED 


Member of Atomic Power Constructions Ltd. One of the British Nuclear Energy Groups 


NINETEEN WOBURN PLACE - LONDON WCI1 + WORKS: DERBY 


TGA GIi48 
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STAINLESS STEEL FABRICATIONS 
by the specialists 

















Pressure Vessels all classes 
Vessels for storage and transport 
Condensers and Heat-Exchangers 
Pipework and Pipefittings 


Laboratory Equipment and Holloware 


+ + + tH FH 


Ducting and other stainless steel sheet 
metal work . 


— 


X-ray weld inspection 


A 200 gallon stainless steel 
reaction vessel with coil jacket 
suitable for high pressure steam 





As specialists in the manufacture of stainless steel products for 30 years, we 
have exceptional knowledge of the material. Our staff are skilled in the design of equip- 
ment in this metal and our work people in its manipulation. You can therefore place your 
requirements in no better hands. 


THE Po 
—— 
ITTINGS Co. Ltd. 


Head Office: Ring Rd., Lower Wortley, Leeds, 12. Telephone: Leeds 638711 PBX 
London Office: 14 Great Peter Street, London, S.W.1. Telephone: Abbey 1575 
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1.C.l. CARBON DIOXIDE 


TO CALDER HALL AND CHAPEL CROSS 










1.C.1. supplies 


IMPERIAL CHEMICAL INDUSTRIES L'O 





liquid carbon dioxide LIQUID CARBON DIOXIDE 
to the United Kingdom 


Atomic Energy Authority 












































0 C 0 


I.C.I. liquid carbon dioxide meets in full the exacting requirements of the 
atomic energy industry, and it is available whenever and wherever it is wanted. 
A fleet of specially-constructed tankers, each of 9 or 10-ton capacity, makes 
express deliveries of liquid carbon dioxide to the U.K.A.E.A. nuclear power 
stations at Calder Hall and Chapel Cross. 

For over a quarter of a century, pure liquid carbon dioxide has been produced by 
Imperial Chemical Industries Limited in a continuously running plant. The 
production capacity has guaranteed—and will continue to guarantee—regular 
and adequate supplies of liquid carbon dioxide in bulk. 


For development projects and experimental work, 
the ‘ Drikold’ Liquefier is available—inexpensive, simple and quick to operate. 


Full information on request. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON, S.W.1 
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Shorts General Purpose Analogue Computor 


The computor with the widest range of units 



















@ In service throughout the world 


Linear Function Time switch 


@ Patching without cords 


@ Fast repetitive or continuous solution 


Servo Sine- 


multiplier cosine @ Switch set coefficients and transfer functions 


Steceationsns @ Units quickly interchangeable 


Time delay function @ Display, power supplies, and timing contained within console 


Write for illustrated brochure and data sheets to: COMPUTO.2 SALES DEPARTMENT, SHORT BROTHERS AND HARLAND LIMITED 


East India House, 208a Regent Street, London, W.1 
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MANCUNA-DUSTEX THE MOST EFFICIENT MINIATURE CYCLONE DUST COLLECTOR IN THE WORLD 


First — Bradwell Essex 





- 


NOW AT LATINA, ITALY 


In conjunction with Agip Nucleare and The Nuclear Power Plant Co. 
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MANGUNA HIGH EFFICIENCY MINIATURE 
GYGLONES FOR GO2 BYPASS & DRIER FILTERS 





MANCUNA ENGINEERING LTD., DENTON, MANCHESTER. Tel.: Denton 3965 (5 lines) 
Specialists in Gas Cleaning and Dust Technology 
London Office: 59 VICTORIA ROAD, SURBITON, SURREY. Tel.: Elmbridge 9793 
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GRAPHITE 
MACHINING 


Nuclear Graphite components of all types 
for atomic energy purposes machined under 
clean conditions. 








Bulk deliveries now in progress to 
Hunterston and other Nuclear Power stations. 


POWELL DUFFRYN CARBON PRODUCTS LTD., 
NUCLEAR GRAPHITE DIVISION 
Springfield Road, Hayes, Middlesex. Telephone Hayes 3994 
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SOLID GLASS 


RADIATION 
SHIELDING 
WINDOWS 


Measuring up to4ft. 6inches x3 ft.x 10 inches thick 
or up to 12 inches thick for slightly smaller sizes. 
Available as polished glass blocks or as complete 
composite windows fully framed for insertion in 
the shielding wall. A range of densities is available 
in both stabilised and unstabilised glasses. 


Our Technical Advisory and Design Service exists 
to help you solve your Radiation Shielding Window 
problems. Please write to us for full details. 


CHANCE-PILKINGTON OPTICAL WORKS 
Pilkington Brothers Limited 
St. Asaph - Flintshire 
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The silhouettes of the atomic pov -r stations, strange and new a year or 
two ago, are today familiar to tec’ cal men. 

Keeping pace with new develo, ients for over 75 years, “Tornado’ fan 
engineering equipment now finds itself quite at home in these strange 
landscapes, assisting in the exacting work of the UKAEA establishments. 
Among the equipment we have supplied for Dounreay is fan equipment for 
the vessel ventilation system, the Highly Active Liquor Store and the 
Billet Production Plant. 

In addition, equipment has been installed at Aldermaston, Capenhurst, 
Foulness, Harwell, Risley, Springfields and Windscale and other Keith 
Blackman fans and blowers are being used experimentally elsewhere. 
If the problem involves the handling of air or other gases, contact 


Keith Blackman Ltd 


MILL MEAD ROAD LONDON N17 
BIRMINGHAM - BRISTOL - GLASGOW - LEEDS - LEICESTER - MANCHESTER - NEWCASTLE 








‘Tornado’ equipment includes: 
CO, Coolant Blowers and Heat 
Exchanger Cooling Fans. Fans 
for Ventilation, Dust Removal 
and High Temperature 
Extraction. Blowers for Gas 
Boosting, Dry Scrubbers and 
Vessel Ventilation. Also Air 
Sampling Compressors, Air 
Flow Control Units, Back 
Pressure Valves, Steel 
Fabrications and the Keith 
Blackman-Broman Ekstrom 
Shot Cleaning of Heat 
Exchangers. 


TA2315/988 
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IMPORTANT 
DEMINERALISATION 
PLANTS 





William Boby & Co. Ltd. have been entrusted 
with the execution of the demineralisation water 


treatment plants at: 


CHEMSTRAND LTD., N. Ireland 


(Main Contractors : Messrs. Constructors John Brown) 


For their new ‘ACRILAN’ factory at Coleraine, N. Ireland, Messrs. Chemstrand have 
installed a 10,000 galls./hr. ‘Boby’ demineralisation plant for process and boiler feed water. 


The plant comprises the following sections 


Coagulation and Settlement — Filtration — Cation Exchange — Weakly basic Anion 
Exchange — Degassing — Mixed Bed lon Exchange. 


VEITSILUOTO 0/Y, 
Finland WATER 


The Veitsiluoto paper mills of Finland have installed 
a 13,400 galls/hr. “‘Boby” demineralisation water treatment 
plant for feed water for boiler working at 1,750 p.s.i. 

The plant comprises the following sections : 


Coagulation and Settlement —Filtration— Cation Exchange TR EAT M E NT 
—Weakly basic Anion Exchange — Strongly basic Anion 


Exchange 





Established in 1875 





WILLIAM BOBY & GO. LTD. 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND. Telephone: Rickmansworth 4251* 


24 
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MECHANICAL DRAUGHT COOLING 


A COMPLETE E 
based on four cooling systems 


These four systems form the basis of modern industrial cooling, and in “Counterflo” Cooling 
Towers and “Fin-Fan” Air Cooled Heat Exchangers Head Wrightson has unsurpassed experience. 
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/////// 
HEAD WRIGHTSON PROCESSES LTD 
London and Sales Office: 2024 OLD STREET LONDON ECI 


Head Office: The Friarage * Yarm * Yorks 


Offices at P.O. BOX 1595 SYDNEY P.O. BOX 1034 JOHANNESBURG P.O. BOX 2608 CALCUTTA AND P.O. BOX 706 HAMBURG 
Associates in the U.S.A., The Fluor Products Co., Los Angeles 22, New York, Chicago, Boston, etc. 
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THE 1960 NUCLEAR POWER 
YEAR BOOK & BUYERS’ GUIDE 


NOW IN IT’S 3rd EDITION 
the Nuclear Power Year Book and 


Buyers’ Guide is the only comprehensive 
publication of its kind in the world 


CONTENTS 


1 1960 Review ing indication of sources of supply. Pre- 


An uptodate critical review of the 
British nuclear power scene, details of 
the British nuclear contracting groups 
and the electricity generating authori- 
ties, data on British reactors, map of 
nuclear energy establishments and 
power stations. 

World Authorities 

The history, organization and plans of 
all national atomic energy authorities 
and international bodies. Addresses of 
establishments and names of leading 
Officials. 

Technical Data 

Articles and tables on reactor physics, 
instrumentation and special metallurgy. 
Isotope Section 

A 60-page table giving the principle 
properties of all known nuclides includ- 


cautions to be taken in the use of radio- 
active substances. 


Company Addresses 

Titles, addresses, directors, home and 
overseas branches of nearly 2000 British 
firms supplying the nuclear energy 
industry. 


Buyers’ Guide 
Firm’s products classified under 750 
different headings. 


Trade Names 
Products identified under registered 
titles. 


Who’s Who 
Biographical details of over 600 lead- 
ing men in British nuclear energy. 


Revised from cover to cover the 3rd edition of NUCLEAR POWER YEAR 
BOOK and BUYERS’ GUIDE is essential for management, designers, 


operators and research workers in the field of atomic energy. 


“Special pre-publication offer £2.2.0 (post free) 
After January 30th £2.12.6 (post free) 


ROWSE MUIR PUBLICATIONS, 3 PERCY ST., LONDON, W.1, ENGLAND 
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” The Pye Instrument Group has supplied all the equipment 


to the U.K. Atomic Energy Authority for the irradiated fuel 
element laboratory at Dounreay. In addition to supplying 

“ equipment, Pye Ltd. acted as consultants and designers on all 
matters in that laboratory relating to instrumentation and 
remote handling. The illustration above shows 
manipulators working in conjunction with a television camera 
to handle and measure a sample from the fast reactor. 


The Pve Instrument Group consists of : Pye Atomics Division ; Pye Industrial Television Division ; Faraday Electronic Instruments Ltd.; Labgear Ltd.; W. G. Pye & Co. Ltd.; 
Pye Telecommunications Ltd.; Unicam Instruments Ltd.; W. Bryan Savage Ltd.; W. Watson & Sons Ltd 
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WIN 
THE BATTLE 
OF THE BURR 


B. O. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telephone : 53333 (PBX) Telegrams : MORISFLEX, COVENTRY 


PRODUCT OF THE Mtg GROUP 
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GAS FILTRATION 





FAIREY 


GUARANTEED POSITIVE FILTRATION 
TO 5 OR 2} MICRONS 





MAXIMUM FLOW AREA FOR MINIMUM OVERALL BULK 
(375 sq. ins. for the filter shown) 


LOW INSTALLATION COSTS 
EASILY CLEANED 
ROBUST CONSTRUCTION 


FREEDOM FROM THERMAL SHOCK PROBLEMS 


Fairey gas filtration will be used in the new nuclear 
power station at Trawsiynydd, North Wales. 


Further details on request 


FAIREY AVIATION LIMITED 


Hydraulics Division, Hayes, Middlesex 





A subsidiary of The Fairey Company Limited 
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In the 
NUCLEAR FIELD - - - 


Butterfields produce Welded 
Pressure and Vacuum Vessels in 
Stainless Steel, Mild Steel and 
Aluminium, Aluminium Bronze 
Alloy, and Nickel, to any of the 
recognised codes. This includes the highest 
specification demanded by Nuclear Energy 
Establishments 





ILLUSTRATED ABOVE 


Stainless Steel Monitor Tanks for 
the United Kingdom Atomic Energy Authority. 


AND LEFT 

300 gallon capacity Liquid Nitrogen 
Storage Vessel. With top cover raised. 
Standard capacities of 300, 450, 600 

and 850 gallons. Enquiries 

for larger or smaller vessels can 

also be quoted for on request. 


In addition to 


Liquid Nitrogen Storage Vessels 

for the U.K.A.E.A. Butterfields have 
supplied the same Au-hori.y with 
Irradiation Hood Tubes and Liners 
for the 

Chapel Cross Atomic Power Station. 





BUTTERFIELDS ARE EQUIPPED WITH 
WELD X-RAY PLANT, MATERIALS 
TESTING, METALLURGICAL, CHEMI- 
CAL AND MICROSCOPIC EXAMINA- 
TION LABORATORIES. FOR ANY 
REQUIRED CLASS OF WORK 











Butterfield 





STAINLESS STEEL 
EQUIPMENT 


W. P. BUTTERFIELD LTD. P.O. Box 38 Shipley 
Yorkshire Telephone: 52244 (8 lines) 
Please mark 


all Branches: London Tel: HOLborn 2455 (4 lines) 

enquiries Birmingham Tel: EAS 0871 & EAS 2241 Bristol Tel: 

nes 27905 Liverpool Tel: CENtral 0829 Glasgow Tel: 
CENtral 7696 Dublin Tel: 73475 & 79745 
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DIESEL-ELECTRIC 


MOBILE 
CRANES 


In addition to the MORRIS Mobile Crane shown in 
the appropriate modernity of Dounreay Nuclear Power 
Station, we illustrate the 6-ton M.120, 3-ton M.60 and 
6-ton M.100 cranes. 

The capacities, types and lengths of jib available, pro- 
vide a comprehensive range of robust, reliable cranes, 
designed to fulfil efficiently most industrial mobile crane 
requirements. 


For detailed particulars write for brochure $46/35. 


HERBERT MORRIS LTD P.O. BOX 7 - LOUGHBOROUGH - ENGLAND 


TELEPHONE: LOUGHBOROUGH 3123 
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Every inch is seen to be perfect 


The heat exchangers for the Bradwell station are so large they had to be towed 
to the site by sea. 


There are 12 of these exchangers, designed and manufactured by Head Wrightson 
& Co. Ltd. Each weighs 200 tons and includes low-pressure and high-pressure systems. 

The shells of the exchangers consist of four circumferential plates in 12 tiers. 
The plates are first tack-welded into place and the internal and external longitudinal 
welds are then made with automatic submerged-arc sets to Lloyds Class 1 specifications. 
Every inch of every weld is then X-rayed. 

The dished ends, consisting of eight segments pressed to shape, are hand-welded, 
double-U preparations being used. The reinforcing ring outlets and flanges are then 
welded into position and X-rayed. 

The importance of the radiographic inspection on a project 
of this magnitude cannot be over-emphasised. Not only must every 
inch of every weld be perfect—it must be seen to be perfect. That is 
why Kodak ‘Industrex’ X-ray Films were used exclusively for the heat *K 
exchangers of Bradwell Nuclear Power Station. : 
Would you like a 
free copy of the 
new Kodak Den- 
sity Conversion 
Guide? It could 


t N D uU ay T is 7 i A L save you hours, 


perhaps days, on 

jobs requiring long 

Oo a erposure times. 
X-RAY FILMS Just write to the 

Industrial Sales 

Division, Kodak 

House, Kingsway, 


first choice of inspection engineers everywhere London, W.C.2. 








Kodak’ is a registered trade-mark 
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As supplied exclusively for 


BERKELEY POWER STATION 





A.1.D. A.R.B. 
ADMIRALTY APPROVED 
3000 & 600 TYPE RELAYS 











¢ 


WITH TRANSPARENT DUST 


COVER AND PLUG-IN BASE 
SIZE OF BASE 2}*x1}" x }" 


NOW SUPPLIED AS FOLLOWS 


e 6 Change-overs Light Duty Transistorised to operate as low as 3 micro-amps 
¢ 6 Makes or 6 Breaks Heavy Duty A.C. Operation for: 6v. I2v. 24v. 50v. 110v. and 250v. A.C. 
* 2 Change-overs Heavy Duty * Double Wound Coils ¢ P.T.F.E. Insulation 

and 2 Change-overs Light Duty ¢ Operate and Delay up to 5 Seconds 


| a Pe a 8 ee 


89-97, ST.JOHN STREET, CLERKENWELL,E.C.I 
Telephone: CLErkenwell 3393/4/5 
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as almost 
electronic 

sible precision 
ofevery industry, 
Or-cars or sputniks; 


t of the past decade has 
FO the obvious—that the oscillo- 


Ard measuring instrument of every 
ADVANCED ED Plant not just in the ‘“‘back room’, as 


automatically accepted as the micrometer, the weighing 


LF AND SERVO INVESTIGATIONS balance or the thermometer. 


Overleaf we have presented ten outstanding oscilloscopes of 


FIELD AN D SERV | CE T SE the Solartron range in a form which we hope will be helpful 


in deciding the right model for your field of activity. But 


remember too, that expert advice is freely available from 
G E N E RA L- PU R POS E Solartron, who make more ‘scopes than anyone in Europe. 


SOLARTRON COMPANIES OR AGENTS IN ALL PARTS OF THE WORLD. 





HOW TO CHOOSE YOUR 


- — — 





OSCILLOSCOPE 


Please remember that skilled Solartron 
applications engineers are available at all times to 
advise on the best scope to use on your specific 
research or production task. Our Instrument 
Sales Division at Thames Ditton will 

record your enquiry for immediate 


The most accurate 
measuring oscillo- 
scope in production 
today, the Solartron 
CD 643S measures 
time and amplitude 
to better than 2% 
over a bandwidth 

of DC to 12 Me/s. 


For field or Services’ 
use the comprehen- 
sive user facilities 
and wide time-base 
range provided in 
the CD 523S.2 make 
this a particularly 
versatile general- 
purpose oscilloscope. 


Lightweight and 
portable, the new 
CD 814.2 constant- 
bandwidth ’scope is 
equally suitable for 
technical training 

or servicing of TV 
and other complex 
electronic equipment. 


action. Ring EMBerbrook 5522. (London). 








CD 7118.2 CD 6438 
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CD 5238.2 


BANDW 


aT : De t 


1 Mc/s (¥; and Y2). 
NSITIVITY : a § 
V/centimetre. - 
ant bandwidth. SENSITI 
SE RANGE : “ - 
c/cm—10 Sec/cm. 


| CALIBRATION ACCURACY: | (ine ° 
5% velocity. 0.1 
5% amplitude. vals 

1B, TRIGGER DELAY: NSTG! 
10 “Sec to 100 Sec. 5% 
° 


ADDITIO 


erase time is 0.2 Sec. — 


| 
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| 
ocket forpower probe. | —‘Z’ modulation input. Long 
| 
| 
| 
| 
| 
| 
| 
| 
| 


E BASE RANGE : 

. expansion) 

).02 “Sec'cm— 
Sec/cm. 

IBRATION ACCURACY : 
0% velocity. 


0% amplitude. Push-button or auto- 


Triggering from ext., with 
int., or push-button, or Di 
via delay generator. 


Pirect access to plates. | 
0.5 uSec. signal delay. | 
| 
| 


EDUGATION 


GENERAL 
PURPOSE 


—., 
“Se 














Quality —take the 60 1118.2 


AD 557 Pe FD Lee 07 example 
| 
BANDWIDTH : BANDWIDTH : BANDWIDTH : | BANDWIDTH : 
12) DC to 1 Mc/s. 0.9 c/s to 9 Mc/s DC to 5 Mc/s. | DC to 10 Mc/s. Adopted for use by the 
| WAX. SENSITIVITY : to 12 Mc/s (6 db). | way. Sensitivity : | MAX. SENSITIVITY : British Armed Services 


MAX. SENSITIVITY : 
40 mV/centimetre. 
Constant bandwidth. 


TIME BASE RANGE : 


3 mV/centimetre. 

h. SENSITIVITY AT 

MAX. BANDWIDTH : 

: 30 mV/cm—100 V/cm. 


0.4 V/centimetre. 
SENSITIVITY AT 
MAX. BANDWIDTH : 
10 V/centimetre. 


1 mV/centimetre. 
SENSITIVITY AT 
MAX. BANDWIDTH : 
10 V/centimetre. 


| and by NATO, the 
| 
| 
TIME BASE RANGE: | TIME BASE RANGE: 
| 
| 
| 


Double-Beam CD 7118.2 


is a typical example of 


0.6 «Sec delay line. — is assured of a fine 


T.B. delay 0O—10 mSec. 
Designed for field use. 


investment. 


EDUCATION 


GENERAL 
PURPOSE 
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am | eile. | Miaficem—it | ng epanion | rece manucring 
CALIBRATION ACCURACY: | CALIBRATION ACCURACY: | calipration accuracy: | 91 Sec/em. standards. With stability 
10°, velocity. | — (marker GD 518: 1 Sec and 10 | CALIBRATION ACCURACY: | of performance assured 
57% amplitude. | ie a a | 539 poner by components which 
ADDITIONAL FACILITIES : ituti ccuracy 2 /. ° ude. 
o- Power output for ees 1 «Sec i | ane yee, Oe 
eC. ancillaries. | ¥ Accuracy 1 ‘O° Access to plates. backed by generous yet 
“ Long-persistence tube | tt yay neha . neh pause 1, | TV sync. input. functional construction, 
t., with flare suppression. : ' and 100 Sec periods, Socket for power probe. 
n, or Direct access to plates. | es gi picture Accuracy 1%. | the purchaser ofa 
r. at 9 Mc/s. 2% Amplitude (b i 
| Integral TV. sync. % (by | CD 711S.2—or indeed 
| separator. any Solartron oscilloscope 
| 
| 
| 
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how to capture a transient... 
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“WITHOUT “HAVING 10 
This latest, important addition to the Solartron oscillo- TRY VERY HARD 


Scope range represents a significant advance in detailed 
examination of ‘‘once-in-a-lifetime’’ phenomena. The IPO 
has already been ordered in quantity for use in Ug 
Kingdom Atomic Energy Establishments ang 
recognised as the leading tool for analysi 
phenomena. The versatility of thg 
eliminates the need for time 

its attendant shortcopad 


*Y,’ and ‘Y2’ channels a 
sensitivity of 10 mV/cm. 
plotting ‘X’ and ‘Y’ ampl 
between 100 mV/cm and 
provides seven basic de 
10 Sec/cm, each of which 
times between xl and x 


INSTANT 
ERASURE AS 
REQUIRED 


OPE 


DIRECT SIGNAL AND VELOCITY CALIBRATION 


THE SOLARTRON ELECTRONIC GROUP Ltd. - Thames Ditton - Surrey - England - Telephone: EMBerbrook 5572 
THERE ARE SOLARTRON COMPANIES & AGENTS THROUGHOUT THE WORLD 














These names make aluminium news. Imperial Chemical Industries and Aluminum Company of America, 


household words on both sides of the Atlantic, combine to form a new name in aluminium—IJMPALCO. 
Backed by ALCOA’S unmatched experience in the specialised field of aluminium and by LC.I.’s great 


resources and world-wide organisation, IMPALCO will provide a new major source of aluminium. 


IMPalco 


for aluminium 


Imperial Aluminium Company Limited - Birmingham 
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Power -made to measure! 


The ever-increasing demand for electricity must 
be met and, if this country is to survive as a 
prosperous and expanding industrial nation, it 
must be met as economically as possible. 

The problem is being solved in two ways—by 
increased technical efficiency in normal power 
station 
nuclear power. New power stations, whether 
they burn coal or depend on nuclear energy, are 
progressively more and more efficient. 

Coal will long continue to be our main source 
of power. The present surplus is only temporary. 


operation and by development of 


In the foreseeable future the expanding demand 
for power will exceed the available supply of 
home-produced coal. That is why Britain has a 
nuclear power programme which is the largest 
and most progressive in the world. 





THE CENTRAL ELECTRICITY GENERATING BOARD 
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ROLLS-ROYCE tose Helipot 








’ Ses 


The Rolls-Royce Altitude Test Plant at Derby 
uses Beckman /Helipot Potentiometers 


exclusively 
for valve position control and 
generation of control signals. 
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Above: Series ‘C’ Helipot, two gang unit, mounted on Beckman/Helipot precision wire-wound helical potentiometers offer: 
a large control valve at the Rolls-Royce Altitude Test superior resolution . .. superior linearity—continuous test on produc- 
Plant, Derby. These potentiometers ensure an accurate tion . . . low noise—all pots tested to close specification . . . wide 
and fine control of temperature and pressure in the ambient temperature range ... low temperature coefficient... long 
engine test cells, corresponding to the desired altitude life . .. and can be supplied with multiple taps welded to individual 
conditions. wire turns, without reducing resolution. 
Helipots provide reliable, long-life operation, embody- We shall be pleased to discuss your applications and advise suitable 
ing 15 years’ continuous improvements in design and types. All British-made Helipots can be supplied at competitive prices 
; manufacture. from stock, in a wide range of resistance values. 


Special requirements can be met to order. 


Write for data sheets to Dept. NP2 


Beckman: Instruments Limited 


Glenrothes. Fife. Scotland 
Tel: Glenrothes 551 Telex: 72135 
Sales and Service, England and Wales:- 
WINSTON ELECTRONICS LTD Govett Avenue, Shepperton, Middlesex, Walton-on-Thames 6321 
99422 
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Gas bearing compressors — 


totally enclosed, lubricant free — circulate gases 
up to /00C, 2,000 psi, without contamination . . 





STATOR WINDING 
GAS BEARING 
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GAS BEARING 
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GAS BEARING COMPRESSOR 











vs ANOTHER ENGINEERING ADVANCE 
BY BRISTOL SIDDELEY 


One of the largest manufacturers of motive power units in 
the world, Bristol Siddeley Engines Limited produce gas 
bearing compressors. The range covers a very wide per- 
formance capacity, from 0 700°C gas operating tempera- 
ture, 15-— 2,000 psi and 0.5— 2,000 hp power input. 

These Bristol Siddeley compressors have been designed 
specifically for systems where contamination from lubri- 
cants or leakage to atmosphere cannot be tolerated. Each 
unit, fitted with hydrodynamic-type gas bearings, is totally 
enclosed and no seals are required between the impeller and 
the bearings. 

Gas bearings have several great advantages over oil 
lubricated bearings: the load-carrying capacity increases 
with speed, temperature and pressure; the bearings are 
supported on a film of the gas which is being circulated in 
the system, so there is no metal-to-metal contact under 


operating conditions and wear and maintenance are reduced 


to an absolute minimum; perfect cleanliness is preserved 
at all times. 


Applications 

Bristol Siddeley gas bearings were developed originally to 
meet the extremely fine limits of operating purity and 
precision of manufacture demanded by the advent of nuclear 
engineering. But gas bearings have many other applications 
where a rotating shaft must be supported in such a way 
that nocontamination and leakage can be allowed and where 
the supply of chemically pure fluids or gases is essential: 
in the textile, chemical engineering, pharmaceutical, food 
storage and processing industries, to name but a few. 

For further information about Bristol Siddeley gas 
bearing compressors and gas bearings, please write to 
H. J. Prince, Sales Manager, Reactor Components Division, 
Bristol Siddeley Engines Limited, P.O. Box 17, Coventry, 
England. 


Bo = moristor SIDDELEY ENGINES LIMITED 
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Fut NEWTHERM tan tect. // 


as NEWTHERM Calcium Silicate insulation manufactured solely by NEWALLS 
es Bi is the most versatile material you can use for application up to 1400°F. 
ae i ig Try it. Put a sample section or slab on part of your plant and prove for 
3 fs yourself its outstanding ability to withstand impact and water damage. 









Weight - for - weightt NEWTHERM 
compares favourably with many 
materials far inferior in thermal efficiency and strength. 
This light weight is evidenced in the handleability of 
NEWTHERM, which even in the largest sections can 


easily be carried in one hand. 


MOISTURE RESISTANCE oni 


in water and its 
strength remains largely unimpaired. Nor does it become 
deformed when in contact with moisture, thus work-in-pro- 





led gress need not becovered. Wherever damp or humid cond- 
itions pertain, NEWTHERM is the logical material to use. 





Of major advantage on remote sites, 
NEWTHERM is unusually strong and 


rigid, and can withstand rough handling in transit 







and erection. In the case of vulnerable large-diameter 


i sections, the hard surface offers excellent protection. 


Supplied in pre-formed 
sections and _ slabs, 
NEWTHERM is available in a wide range of standard 
sizes (and alsoas plastic). The smooth surface and straight 
edges permit easy and speedy fitting, with minimum 


joints and neat finish. 


NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. 
A member of the TURNER & NEWALL ORGANISATION 
vi Offices & Depots at: LONDON, GLASGOW, MANCHESTER, NEWCASTLE 
UPON TYNE, BIRMINGHAM, BELFAST, DUBLIN, BRISTOL & CARDIFF. 








NEWALLS Agents and Vendors in most markets abroad. 
aa ‘a Grand) 
} Please ask for your copy of the NEWTHERM booklet. Packed with information on 





limiting temperatures, thermal conductivity, compressive strength, applicational details, 


etc., t's amust for your bookshelf. Copies available from sole manufacturers—NEWALLS 
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470A 6"x 4x3" £1 


new small and miniature standard cases 


oe * at really LOW PRICES! 





1470B 6°x4°x5S" £1 13 6 15 new Imhof standard cases 


with panel sizes from 6’ x4’ 
to 24” x 104”. Just look at these 
examples ...compare the new 
, low prices. Here’s real value 


480A 8"x5S*xS" 2 46 for money! Whatever the size 


—whatever the quantity—all 
these new cases are built to 
the same, robust specification 
and high finish as the existing 








B°x5°x?” 2276 Imhof Standard Range. Top 

“| quality and rock-bottom 

ty prices result from Imbhofs 

. ¥ streamlined methods and full 


tooling for large-scale produc- 
tion in Europe’s most modern 
factory fully equipped for 
quality manufacture of cases, 
racks and consoles 


- 
$ 





1490A 12°x7"xS" 2116 


ae CO Se See: ns 








14908 12°x7"7" £2156 





These new cases have been designed as a result of the fast 
development in miniaturisation of electronics and electrical 
instruments. The cases are of two types: with sloping front 
panels, and rectangular cases with vertical front panels. 
Both types are available in standard duo-tone finishes. 
Imhofs have also produced a new type chassis incorporating 
fixing brackets especially for these new cases 


7 days delivery—generous quantity discounts! 


STOP PRESS! Now available, 9 new ultra- 
miniature cases—MINIBOXES—of two-piece construc- 
tion. Sizes from 3” « 18” 24” to 17” « 4” x5”. Prices from 
6/9 to 25/-. Complete details on request 


Alfred Imhof Ltd Dept Ni Ashley Works Cowley Mill Road Uxbridge Middx 
Uxbridge 6231 

Erport & London Showrooms: 112-116 New Oxford Street WC1 Museum 7878 

IMHOFS AGENTS OVERSEAS 





Fully Radiused Sloping Panel Cases 





| 3 10}’x 19" Panel Size £5 4 0 
I 


~ — 1410C 7” x19" Panel Size £3 12 8 











1AS0A 105” 12” Panel Size £3 18 10 


f 






rite itl CL Satna 


1410B 7” x12" Panel Size £2 18 6 


‘I410A 7” x 6" PanelSize © €2 5 3 





Sai 8 hs eA 2 Sd Ee 


AUSTRALIA Aladdin Industries (Pty) Ltd. FINLAND Oy Scienta Ab, Helsinki SWEDEN Elektronlund AB, Malmo C 
Stanmore, NSW GERMANY Sunvic Regler GMBH, Solingen SWITZERLAND Walter Blum, Zurich 2/39 
BELGIUM § Rogelec, Ghent HOLLAND J.Th. van Reijsen, Delft . 
- ' 3, 0 
CANADA Measurement Engineering Ltd NEW ZEALAND Imarex Ltd, Auckland C3 U.S.A. Bud Radio Inc, Cleveland 3, Ohio 
Arnprior NORWAY Birger Christensen, Oslo BRIT. GUIANA Davsons Caribbean Agencies 
DENMARK Tage Schouboe, Copenhagen N PORTUGAL Projectos e Construcoes Lda, Lisbon Lid, Georgetown 
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EFCO ‘KNOW-HOW’ AT BERKELEY.....:; 
ite ‘ K 









Reactor 
pressure vessel 
stress relieving 

installation 
planned, erected 


and supervised 


Efco heating equipment inside 
the world’s largest reactor pressure 
vessel ever to be stress relieved. 


ELECTRIC RESISTANCE FURNACE CoO., LTD. 


NRP/R3054 NETHERBY, QUEEN'S ROAD, WEYBRIOGE, SURREY Weybridge 3891 
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MITCHELL COMPANIES 
are preparing specialist 
pipework and process 

plant for the 

U.K. Atomic Energy Authority 
at Dounreay, Chapelcross, 


Capenhurst & Springfields 
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MITCHELL ENGINEERING 
ONE BEDFORD SQUARE LONDON 
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TURNING: MILLING:-BORING 


we doit 





May 








Machining Service 
to Industry — by 





HARVEY Facilities and Products: CLASS I WELDED PRESSURE VESSELS TO LLOYD’S AND A.S.M.E. CODES 
RADIOGRAPHY * DIE-PRESSED & ‘ROTARPREST’ HEADS UP TO 
FABRICATION IN ALL METALS—UP TO 120 TONS IN 
FITTING * PERFORATED METALS - WOVEN WIRE * WIREWORK - 


48 
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for you ? 








DRILLING: GRINDING: PLANING 


CENTRE LATHES: 

Up to |4 ft. dia. by 44 ft. long 
VERTICAL BORING: 

Up to I7 ft. 5 in. dia. by 8 ft. high 
HORIZONTAL BORING: 


Up to 8 in. spindle, 40 ft. by 20 ft. 
table 


PLANING: 


Up to 34 ft. long by II ft. Il in. wide 
by 8 ft. high 





DETAILS OF MACHINE CAPACITY AVAILABLE 


PLANO MILLING: 


Up to 14 ft. long by 6 ft. 6 in. wide 
by 5 ft. 6 in. high 


SHAFT GRINDING: 
Up to 23 ft. long by 2 ft. dia. 


SLIDEWAY GRINDING: 

Up to 7 ft. long by 4 ft. high by 
2 ft. wide 

SURFACE GRINDING: 


Up to II ft. long by | ft. 9 in. high 
by 2 ft. wide 


LIFTING CAPACITY UP TO 120 TONS 


ig ee a \ 
LOA =e MM GA. HARVEY & CO. LonDoN) LTD., WOOLWICH RD. LONDON, S.E.7 


Telephone: GREenwich 3232 (22 lines) 


I§ FT. DIA.— Larger sizes to specification - 
STEEL PLATE AND SHEET METALWORK 
GALVANIZING - 


Telegrams: Gaharvey Ldn Telex 


HEAT TREATMENT AND 
WELDED PRESSURE VESSELS AND 
HEAVY MACHINING AND 


STEEL STORAGE EQUIPMENT ~* OFFICE FURNITURE IN STEEL 


E/HF/2 
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Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 





NO.9 OF A SERIES BY ACCLES & POLLOCK 














| ee ee ee 7 | 
| | | | 
| | A flexible duct for instrument | | 
| | control comprising a number | | 
| l of insulated wires and one l l 
small diameter gas _ tube 
bundled together and sheath- 
| | dled dsheath- | | 
| | ed with one outer tube. The | | 
assembly was then bent into 
| | an | 
l l a double helical coil to obtain l | l 
| the necessary flexibility. l 
| | | | 
| | | | | 
| | | | | 
| uth | | | | 
| gn | ! 
S| | 
! | | Integral bulb and , 
capillary tube made 
7 | | | of copper in a con- | 
| | tinuous length. Ap- | 
| A semi-flexible tube of aus- | | proximate dimens- | 
| tenitic stainless steel for light l l ions are: Bulb ‘208 
weight pipe-work assemblies o/d x *I25 bore x 
| where bending or setting of | | I2 long. Capillary- | 
| bends is carried out “‘in situ”’ | | 083 o/d x ‘020 l 
| as, for example, on aircraft | | bore x 36” long. l 
l engines. l 
| | | | 
| | | | 
| | | I | 
ee J Re nicendisiniint einen ais J 


Designers have a habit of asking for the impossible, but in a 
surprising number of cases Accles & Pollock produce an answer A l &Z 
that enables the production people to translate the concept on the 66 es 

drawing-board into a physical, functional form. Accles & Pollock 


welcome all such opportunities to co-operate in developing new | =e) a ke\e) 


applications in the form of tubes and tubular sections. 





Technical Information Sheets discussing tubes and their applications are available on request. 


ACCLES & POLLOCK LIMITED : OLDBURY - BIRMINGHAM - 4 @ company 


Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 
including stainless steel, and other metals. Taw/281 
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\Y yy ! the latest 
ye on techniques in 


—" engineering... 


| 








~ 


Drilled and machined flanges 


for Atomic Energy Power Stations 


...demangd special alloy. 
steel forgings 






oes 


) 

any 
ALLOY STEELMAKERS . FORGEMASTERS ° a FOUNDERS ° HEAVY ENGINEERS 
THOS FIRTH & JOHN BROWN LIMITED SHEFFIELD ENGLAND 
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‘CONTAINERISATION’ 


A NEW DEVELOPMENT 
IN MATERIALS HANDLING 





The entire waste and by-products of a major industrial plant and 
THE many materials can be handled by one man—the driver operator of a 


Dempster-Dumpster vehicle—and a series of containers strategically 
EM PSE: located throughout the plant. Containers are designed to suit every 

type of application in sizes up to I5 cu. yards capacity with weight 
QeaPSire lifts of from 6,000 — 50,000 Ibs. 


If you have a waste or mat ; handling problem why not ask for a 


S Y S bi EM S survey to be made wit >bligation. 16 mm. sound films also 


available by arrangement 


TILT TYPES 











Illustrated above is the type LFW. The assembly with 
hydraulic operation is mounted on a standard chassis. 

This will handle tilt type and drop bottom containers. 
er ee The illustrations below feature the type GRD which again 
handles both tilt type and drop bottom containers with a 
fork lift specifically designed for high dumping. 


DROP BOTTOM TYPES 











For large scale bulk collection and movement, the 
Dempster ‘Dinosaur’ is capable of picking up or setting 
down bodies of up to 40 cu. yards capacity. There are also 
the Dumpmaster self-loading vehicles with compaction of 
up to 3:1 and nominal compacted body capacities of 
between 18 and 30 cubic yards. 


DUMPSTER 
TYPE GRD 


Manufactured under licence in U.K. by Rar ma 


Foo>)E;] POWELL DUFFRYN ENGINEERING CO. LTD. We 


(Formerly Cambrian Wagon & Engineering Co. Ltd.) 











CAMBRIAN WORKS, MAINDY, CARDIFF Pac IS 
Telephone: Cardiff 29611 Telegrams: PEEDENG, CARDIFF *Comen® 
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a spanner 
in the 


works 


with this flooring 


WELDED STEEL FLOORING 


Engineers everywhere are aware of the unique design and construction of ‘ Safetread' 
flooring—its construction has gained universal appeal as it provides the greatest 
possible strength and rigidity with a minimum use of steel, thus enabling valuable 
economies to be effected in supporting members. 

With Safetread’s welded construction, nothing can work loose or cause chattering 
through vibration—its design enables maximum light and air penetration and yet 
the danger of tools or other similar objects falling through is reduced to an 
absolute minimum. 

Write today for a catalogue of Safetread “tailor-made” flooring—amply illustrated, 
it contains deflection tables, safe-load tables, and a wealth of useful information 
for the man with a flooring problem. 


ALLAN KENNEDY & CO -LTD 


MARITIME STREET - STOCKTON-ON-TEES 


Telephones: STOCKTON 65464 (4 lines) - Grams: ‘GRATING’ STOCKTON-ON-TEES 
London Office: ABFORD HOUSE WILTON ROAD LONDON S.W.I - Tel: ViCtoria 2539 





P2678 
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SHUTTER 
DOORS 


REGD. 


every lime 


THE DOORS COMMANDING THE WORLD’S LARGEST SALE 


Send for illustrated leaflets 45 S.D.L. 


G. Brady & Company Limited, Manchester 4. Telephone COLlyhurst 2797/8/9 and at London, Birmingham, Glasgow, Montreal, Port Credit, Hong Kong, 
BRADY FOR EVERY OPENING: BRADY ROLLING DOORS IN STEEL, WOOD AND ALUMINIUM + SLIDING SHUTTER DOORS 
GRILLES IN STEEL, ALUMINIUM OR NYLON - UP AND OVER DOORS - FIREPROOF DOORS - COLLAPSIBLE GATES * SLIDING DOOR GEAR 

RUBBER DOORS + ORNAMENTAL IRONWORK ALSO MANUFACTURERS OF BRADY LIFTS. 








Stowe & Bowden 
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low pressure 


butterfly 
valves 


e DROPTIGHT © COMPACT 
¢ LOW COST 
¢ NON-JAMMING 


e SEALING BY 
AUTOMATIC INFLATION 


The reliability of this patented method of 
sealing has been proved in hydro-electric 
installations—after 25 years of service at 


heads up to 500 ft the original seals were still 


Low Pressure Butterfly Valves suitable for gases and fluids— 
including sea water. Vertical or horizontal mounting. Hand or 
power operated. Range 36 to 120 inches. Larger sizes to order. 


STAINLESS Around the periphery of the valve blade is the expanding seal. 

Soon SEAT With the valve closed the inside of the seal is subject to pipe-line 

a pressure. This pressure balances external pressure and prevents 
seal from collapsing away from the seating. 


Boving 


& COMPANY LIMITED 


PIPELINE 
PRESSURE 
TO SEAL 


WATER POWER ENGINEERS 


VILLIERS HOUSE 41—47 STRAND, 
LONDON, W.C.2 














Pi554 
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MATERIALS | LOADING PER ELEMENT CORE i 
No. of Uranium Stainless-Steel Type Length | Width and | Thickness | End cle 
Shape elements process Matrix | Cladding UO, (gm) wt% in.) | camber (in. = mils) (mils) (in.=r 
Plate 1,305 Hi-fired 304 304 | 49.2+0.1t 30t 36+0.5 | 2.322+125 15+2 | 0.503 
Wire 155 pcs; | 
20,000 ft. Hi-fired 310 304 338+0.1 33 1008+ 15 - 9743 0.75 
Plate 1824 Hi-fired 304 304 20.5+0.1 18.8 362:0.5 - 20+1 0.25 
Plate 384 Hi-fired 304 304 16.9+0.1 19.7 36+0.5 -- 20+1 0.25 
Plate 206 Hi-fired 304 304 15.8+0.1 18.6 3640.5 _ 20+1 0.19: 
Plate 206 Hi-fired 304 304 15.8+0.1 18.6 35.5+0.5 = 20+1 0.19: 
Plate 25 Hi-fired 316 318 46.1+0.1 30 28+1 1.215+25 3341 0.75: 
Plate 25 Hi-fired 316 318 35.4+0.1 30 28+1 0.920+25 3341 0.75: 
Plate 25 Hi-fired 316 318 27.9+0.1 30 28+ 1 0.744+25 3341 0.75: 
Plate 25 Hi-fired 316 318 18.15+0.1 30 28+1 0.465+25 3341 0.75. 
Plate 300 Hydro-grown 316 318 46.1+0.1 30 28+1 1.215+25 3341 0.75. 
Plate 300 Hydro-grown 316 318 35.4+0.1 30 28+ 1 0.920+-25 3341 0.75: 
Plate 300 Hydro-grown 316 318 27.9+0.1 30 28+ 1 0.744425 3341 0.75 
Plate 300 Hydro-grown, 316 318 18.15+0.1 30 28+1 0.465+25 3341 0.75 
Plate 25 Hifired =§ 316 «© 318 | 46.140.1 30 28-+1 1.215425 | 3341 | 0.75 
Spherical , . , . 
Tube 430 Hi-fired 304L 304L 60.4+0.6 19.5 | 70.5+0.75 - 16+1 2.0 
Hi-fired 304L 304L 38.0+0.4 19.5 | 70.5+0.75 - 16+1 2.03 


This Chart outlines the cermet UQz-stainless stee 
experience available to you at M & C Nuclear. Work c 
fabrication processes to produce quantities of high quality fu 
fuel program of these advances by consulting M & C Nuclea 





M & C Nuclear also produces uranium-oxide: aluminum fue 
reactors. In addition to cermet, ceramic and alloy fuel assen 
fabricates uranium, thorium, zirconium, aluminum, hafnium 
alloys and oxides, and other materials into wire, rod, tube, 
nuclear experiments. 

Write for information to M&C Nuclear, Inc., 
P.O. Box 898, Attleboro, Massachusetts 
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| EXPERIENCE 


ckness 
mils) 


5+2 


743 


| End closure 
| (in. mils) 


0.75 min. 


0.25 min. 


0.25 min. 


0.195+ 70* 


0.195+ 70* 


0.75 20* 


0.75+ 20* 


0.75+20* 


0.75+20* 


0.75 20* 


0.75+ 20* 


0.75 20* 


0.75+ 20* 


0.75+20* 


2.04375 


2.0+375 


CLAD 


| Edge closure | 


| (mils) 


| 0.50+250 (312.5+62.5 


145+55 


1453-55 


14555 


145+55 


20 min 


20 min 


20 min 


20 min 


20 min 


20 min 


20 min 


20 min 


20 min 


Length 
(in. = mils) 


Surface 
(mils) 


5+2 | 37.020+250 


| 


ELEMENT 
Width 


| Thickness 


(in.=mils) | 


NS RON CS 


2.9475+2.5 


1414 min 1088 


St+1 | 36.995215 


5+1 | 36.995+15 
36.995 15 


36.495+ 15 


31.600-+ 10 
~ 31,6004410 
~ 31,600-10 
~ 31.600410 


31.600+ 10 


"31.0010 
"31.6004. 10 
~ 31.600410 
~ 31.6004 10 


eo 


76.)00+ 31 


76.)00+ 31 


quality fuel. Take advantage in vour cermet 


C Nuclear at an early stage in your project. 


minum fuel elements for research end ‘raining 
‘ fuel assemblies for reactors, M & C 


n, hafnium, boron, stainless steel, their 


rod, tube, disc, foil and plate forms for 


TEXAS INSTR 


INCORPOR 


U 
A 


Tt 


1.43143 
1.196-+3 
1.19643 
1.196-+3 

1.31141 
1.01741 
0.83041 
0.5561 
1.31141 
1.01741 

0.8301 

0.5561 
1.31141 

0.720+30.d. 


0.6884 30.4. 


(mils) 


25+1 


1252-1 


30+1 


30+1 


30+1 


30+1 


45+1 


45+1 


45+1 


45+1 


45+ 1 


45+1 


45+1 


48+ 1 


48+ 1 


ENTS 
ED 


MECC NUCLEAR,INC. 


P.O. BOX 898 


COMPI FTF: 


ATTLESORO 
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MASSACHUSETTS 
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SEE 
WHAT 
M&C NUCLEAR 
OFFERS YOU IN 


FABRICATING 
CERMET 
FUELS 








Accent on Precision Tolerances 
Of General Plate Zircaloy and Hafnium 





Pani ' 


‘118. 59% 5a” 6s! 


Printed by permission of copyright owner W. W. Welch Manufacturing Company, Chicago 10, Illin 


Yes, accent on extremely close tolerances, but General Plate zircalo 
and hafnium mill products are more than precision metals .. . they ar 
also more efficient and less expensive products. The reason ... Metals § 
Controls’ work with new and unusual metals has led to the developmer 
of improved processing techniques for obtaining precise, efficient reacto! 
metal forms. 

Precision tolerances are a specialty at M & C. Tolerances on cambe 
cross bow, and longitudinal bow are held according to specifications. Pré 
cision measuring devices (electrical cross bow tester, granite surfa@ 
plate, ultrasonic and radiographic testers) assure the closest control § 
quality. 

Zircaloy II and III sheet, strip, foil, wire, rod, and seamless tubing aa 
fabricated in solid, clad or alloy form. Patented solid-phase bondin 
techniques are used to clad invar and stainless steel with zircaloy. 

Hafnium is supplied in sheet, strip and foil form, solid or as an allo 
The complete fabrication process from crystal bar to finished plate is pe 
formed in clean areas where the material is free from contamination frof 
fissionable materials. 

For more information or technical assistance on mill products of sol 
reactor metals, or on clad metal combinations for special application 
request our new bulletin, “General Plate Reactor Metals.’’ Write of 
Product Manager, Reactor Metals. 


GENERAL PLATE PRODUCTI 


ae aa INSTRUMENTS 
INCORPORATED 


METALS & CONTROLS DIVISION 
511 FOREST STREET . ATTLEBORO, MASS. 


a 


GENERAL PLATE PRODUCTS: Clad Metals « Electrical Contacts * Truflex® ts e Platinum Metals + Reactor Metals « Radio Tube & Transistor Met 











Rio Tinto 1s now able to supply 


— 


uranium in commercial quantities 


for power and research programmes 


nl INTL 


Nuclear grade uranium products now available include the 
meg following : 


surfa€ 





reacto" 


AMMONIUM DIURANATE -° — URANYL NITRATE HEXAHYDRATE 
° URANIUM TETRAFLUORIDE . 
CERAMIC GRADE URANIUM DIOXIDE . URANIUM METAL 


Facilities exist for fabrication to individual requirements. 


bondin 


ion fro! 


of sol Enquiries are invited to 
ication 


rie o RIO TINTO MANAGEMENT SERVICES (U.K.) LIMITED 


DUCTI Barrington House, 59 Gresham Street, London, E.C.2. Telephone METROPOLITAN 9101 
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ent 


Plessey | GLEONIGS LIMITED 


orthampton * TEL: NORTHAMPTON 4966 
Limited + Ilford + Essex * Tel: Ilford 3040 


@enuis 
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UNION CARBIDE WNuclear Graphite... 








i 


Graphite Reflector For a Test Reactor 


Unmatched as a Moderator, Reflector and 


Structural Material 


With More in-Pile Experience Than any Other Graphite or Other Moderator 
In The World 


From the time of its initial use in 1942 in the world’s first atomic 






































reactor, Union Carsip— Nuclear Graphite has been the preferred Properties of UNION CARBIDE Nuclear Graphite 
moderator and reflector material. Today, with the demand for higher AGOT Ts 
operating temperatures to provide increased thermal efficiencies, UNION ___ Graphite Graphite 
Carsipe Nuclear Graphite offers even greater advantages because of Atomic Weight 12.011 12.011 
its unusual high temperature properties. Density g/cm? 1.70 1.70 
This outstanding structural material has become the favorite of the Microscopic absorption cross section 
nuclear industry because of—its low atomic weight—its extremely high (millibarns)* 4.50 3.95 
purity—its ability to gain strength with rising temperatures and its Microscopic scattering cross section 
easy machinability. (barns) 5.09 5.09 
No other material has as many useful Nuclear Properties as UNION Macroscopic absorption cross 
_No other material has as ma iy useful Nuclear I roperties as l arts 38.30 33.67 
Carsiwe Nuclear Graphite—Properties attested to by sixteen years in - : 
. . , : i“ Macroscopic scattering cross section 
the Graphite Reactor, X-10, operated by Union Carsive at the Oak (cm-) 0.432 0.432 
emg: eye ee saa ae Sea te 
Ridge National Laboratory for the United States Atomic Energy feanage teneritbunie enerey decrement 
Commission. per collision 0.158 0.158 
W hatever your needs—extreme purity, unusual shapes or sizes, high SLOWING DOWN POWER 0.0684 0.0684 
or low density, write to the leader in nuclear graphite, Union Carbide MODERATING RATIO 1775 203 





International Company, Division of Union Carbide Corporation, 30 ; oP 
" " "iyaage = - te ~~ ; REFLECTING RATIO 1125 1285 
East 42nd Street, New York 17, New York, U.S.A., Cable Address: SaTUSIGN LENETIN ee ne 
Unicarsipe, New York, or contact the company listed below which is 

nearest you. 














*at 2200 meters/sec. 


Table shows excellent nuclear properties of UNION 
CARBIDE Nuclear Graphite. In addition, it is a structural 


Cl ifes,.| material with superior high temperature properties. 


ley .\ > d=i]) = 


Write today for New 8 Page Brochure NNP-I “UNION CARBIDE Nuclear Graphite” 





, TALY FRANCE EUROPE ENGLAND SWEDEN 
6 Union Carbide Europa S.A. ; 
0 40 rue du Rhone 


Geneva, Switzerland 


The term Union Carsive is a trade mark of Union Carbide Corporation. 


iS 
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BAND-REINFORCED PRESSURE VESSELS 


are cheaper 


























. and more ductile 


. and as large as you like! 


In cylindrical band-reinforced pressure-vessels, developed by John 
Thompson, half the hoop stress in the vessel is taken by multilayers of thin 
reinforcing bands. A relatively thin inner cylindrical shell, with hemi- 
spherical ends of similar thickness, is capable of carrying the remaining 
hoop load and the longitudinal stresses. 

This development obviates the serious and expensive disadvantages of 
fabricating cylindrical shells in very thick plate or, alternatively, employing 
expensive spherical vessels. Since relatively thin shells are required, welding 
and non-destructive testing are simplified. And since plates of large surface 
area can be employed, the amount of welding is reduced. 

In addition, the relative thinness of the shell endows the vessel with 
important ductile qualities. 

John Thompson’s development of methods of fabricating large vessels of 
this type on site opens up new possibilities for the economical employment 
of larger, or higher-pressure vessels in chemical and nuclear projects. 


JOHN THOMPSON (WOLVERHAMPTON) LTD - WOLVERHAMPTON 


WvP6é 
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ie LINCOLNWELD Universal 
Tractor in action at the Derby works 
of International Combustion Co. 
Ltd. The illustrations show the 
Universal Tractor automatically 
welding in the ‘3 o’clock’ position, 
a section of one of 4 heat exchangers 
for The Advanced Gas Cooled 
Reactor, being built at Windscale, 
Cumberland, for the United Kingdom 
Atomic Energy Authority. 


7 (Photographs by the courtesy of 

" International Combustion 

ny Co. Ltd. and U.K.A.E.A.) 

of Butt welding, Fillet welding, Lap welding 2nd now horizontal/vertical 
“ *3 o’clock’ welding—all are possible with the latest LINCOLNWELD UNIVERSAL 


ce TRACTOR Submerged Arc Welding Unit. 
Don’t spend money—save money! For further details of how Lincolnweld 


” versatility can help you solve your welding problems, please write to: 
of , oN 
“nt i £1 ct i/ 
| 6 KN 
LINCOLN ELECTRIC COMPANY LIMITED 
\N WELWYN GARDEN CITY - HERTS: ENGLAND: Telephone: WELWYN GARDEN 920/4 - 4581/5 


uTt 
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Designers of oil well drilling equipment 
specify castings by Lake & Elliot because 
of their high quality and reliability, but 
this may not be enough unless it is com- 
bined ‘with resistance to corrosion and 
erosion. Lake & Elliot produce castings 
in all grades of low alloy carbon and 
stainless steel to A.S.T.M. and British 
Standards. 


Our machine shop is fully equipped to finish 


machine castings to customers drawings to the M Lbs 


fine limits demanded in modern plant design. Highest Quality Castings 





TEL: BRAINTREE 1491 


+ 
7 

mm 

a 


LAKE & ELLIOT, LTD. BRAIN 







For ELECTRONIC 
COMPONENTS 


| yy Fu 5 
Re C 


fg Radiospares Ltd. 


4-8 MAPLE STREET * LONDON * W.I * ENGLAND 


Pad 


Telephone: EUSton 7232-7 


TELEGRAMS: RADOSPERES, WESDO, LONDON. CABLES: RADOSPERES, LONDON. 


é 
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FABRICA TIONS for 
INDUSEFRY in 


ieee. 


ALUMINIUM, ALUMINIUM 
ALLOYS, FULL RANGE of 
HEAT RESISTING STEELS 
including the NIMONIC 
RANGE, STAINLESS STEEL, 
TITANIUM, NICKEL, LOW 
CARBON STEELS and 
ALLOY “STEERS: 
Manufactured to 
customers own specifications 
and with io HIGHwSTANDARD 
of WELDING opproved by 
A.1.D., A.R.B. ADMIRALTY and 


LLOYDS. 


UNIVERSAL BOILERS AND ENGINEERING CO. LTD 


FULLEDGE WORKS — BURNLEY — LANCASHIRE — ENGLAND 
TELEPHONE: 3121/2 and 3203 Burnley (3 Lines) Grams: ‘UNIVERSAL’ Burnley 
Associated with BURNLEY AIRCRAFT PRODUCTS LTD Fulledge Works, Burnley Tel: 3121/2 


also Grosvenor St. Stoneyholme, Burnley Tel: 3184 and Britannia Works, Queensgate Burnley Tel: 4102 
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GET THE FACTS OM GRITILUINVE FINE NEW / € 


| 
ll 
, a 


INDUSTRIAL AIR COMPRESSORS <& « 


Where air consumption is in the 400-850 c.f.m. F.A.D. bracket, 
at pressures up to 125 p.s.i., the Jog 
new British made Joy WN.112 
Industrial air compressors 
handsomely meet your specifi- 
cation, Look at these design 












features each one positive! 
contributing to the efficiency 
and durability for which Joy- 
Sullivan plant is renowned 
abroad. 


FOR MINIMUM MAINTENANCE. 
Replaceable cylinder and crosshead liner 
eliminate rebores, cut maintenance time, 
restore “new performance. Self aligning 
main bearings and box-type cross-head 


des for low loading, long life. 


FOR TOPMOST EFFICIENCY 

loy control requires least h.p. of any 
SVSKC lubular inter-cooler gives extra 
cooling surfaces. Truncated pistons reduce 
recompression loss, improve efficiency, 
give streamlined airflow. 


FOR EXTRA LONG LIFE 
Oversize spherical roller main bearings. Durable 
construction embodies stainless steel valves, steel 
piston rods, replaceable liners, aluminium pistons, 
mehanite frame 


FOR EASY INSTALLATION 
Package design reduces installation time/costs. Compact 
vertical design for small foundation space.  V_ belt, 


direct or flange mounted drive and electric or diesel 
} 





motors m with most requirements. 
SPECIAL JOBS — SPECIAL MODELS f 
Oil-free versions for food and chemical industries — low-pressure 


models for specialised applications skid-mounted types where 
portability is required... .. JOY SULLIVAN can match most 


individual requirements from the WN series. 


AIR POWER JED BEY 


«read the fact-packed JOY WN.112 Catalogue 
All you wish to know about WN.112 com- 
pressors is contained in Catalogue AD/6. A 
copy will be sent immediately on request. 





JOY-SULLIVAN LIMITED, AIR POWER DIVISION, 7 HARLEY STREET, LONDON W.1 Telephone: LANGHAM 7711 
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(a) provides a compact self-contained” 
with the ability to . heavy t aru 
and our al cs at hi speed be 

b) ar e load cap CI ty 

( gle. Ags — with he : 


GN RANSOME & MARLES BEARING COMPANY LIMITED 
\ G) NEWARK-ON-TRENT + TELEPHONE 456 + TELEX 37-626 


BRANCHES + OFFICES AND AGENCIES THROUGHOUT THE WORLD 
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Birmetals 





Specilicati 





Long experience in the 
production of wrought light 
alloys has enabled ug to meet 
the new high standard 
demanded in the field of 


nuclear engineering. 





Birmetals manufacture 
magnesium and aluminium 
alloys in the form of sheet, 
strip, plate, tube, wire, fod and 
bar, extruded sections and 
forgings to all U.K.A.E.A. 


specifications. 





Our experience 


is at your disposal 





ee 
ee 


Birmetals 





BIRMETALS LIMITED - WOODGATE-\WORKS - BIRMINGHAM 32 
| 
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R. H. NEAL & COMPANY LIMITED. . 
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NUCLEAR POWER... 





... ACHESON GRAPHITE 


TRADE MARK 


In its work as a neutron brake the pile moderator performs an exceptional 
role in the reduction of neutron velocities to thermal values for the continued promotion 
of the natural uranium fission process. In this function ‘Acheson’ Graphite 
is playing a supremely vital part. In close collaboration with the United Kingdom Atomic 
Energy Authority 5,000 tons of ‘Acheson’ Graphite conforming to an 
exceptionally strict specification for purity were supplied for the Calder Hall ‘A’ reactor. 
Many thousands more tons of ‘Acheson’ Graphite in nuclear qualities are in 


train for Britain’s Atomic Power Stations. 


ACHESON 


TRADE MARK 


GRAPHITE ELECTRODES 
The term‘ ACHESON’ is a registered trade mark 


BRITISH ACHESON ELECTRODES LTD., WINCOBANK, SHEFFIELD PHONE : ROTHERHAM 4836 


66 Tick No 69 on reply card for further details NUCLEAR POWER January 1960 





in 


836 


960 








Fielden Controllers mounted on the sloping panel of a 
Brown Davidson Moulding Machine 


Ww TFRANSISTORISED TEMPERATURE CONTROL 
to within 0.5° C 


The first of Fielden’s new BIKINI range of transistorised instruments. 
Result of three years intensive research, development and evaluation. 
Low Cost—Send for details, you’ll be surprised. Small in: size and: srnaltin price, yet all essentials more than covered. 
In brief, it’s appealing. 


Transistorised —Exceptional reliability. No 
warming up period, 12V Battery or mains 
supply. 

Intrinsic Safety—Low voltage, low current 
operation— Intrinsic safety certificate pending. 

Very Robust—completely sealed unit requires 
no attention. No pivots, galvos or other delicate 
moving parts. 

Easily fitted—simple clamp mounting with 
robust terminals for electrical connections. 
Can be mounted at any angle, for example on 
a sloping control panel. 

Remote control —Instrument can be up to 300 ft 
away from the measuring point using simple 
copper wiring. Measuring element is of platinum 
resistance type, housed in a robust }” diameter 
stainless steel sheath. 

Heavy Duty Contacts—Change over electrical 
contacts rated at 5 amps A. C, with quick make 
and break action. Pneumatic control available 
if required. 

Accurate calibration—-Accurately calibrated 
scale 9” long marked in °C or °F, Easily set to 
required control temperature. 

High stability— Control point will not vary over 
many years service. Unaffected by ambient 
temperature changes or by wide variations in 
supply voltage. 

Wide Temperature range —will control at any 
temperature between —200° C and + 500° C 
with a differential of o.5° C. Range spans as 
low as 50° C. 

Modern and Compact—Circular meter type 
case. Occupies panel space ofonly 44” diameter. 
Bold pointer shows control temperature. Red 
lamp, visible from sides and front, indicates 
control action. 

Immediate delivery—Instruments ranged 
0-120° C, 0-200° C, 0-300° C and o-s00° C 
available from stock in Manchester, London, 
Walsall, Stockton and Edinburgh. Otherstand- 
ard ranges in stock at Manchester. Telephone 
your urgent requirements to Wythenshaw 3261 
Trafalgar 3154, Arbortum (Walsall) 55343, 
Stockton 68617 or Edinburgh 32035 (A. R. 
Bolton), 


Write ~ys for full specification 
sheet Bik N.P. with price list. 





é 7 FIT BIKINI AND WATCH YOUR CONTROL PROBLEMS SWIM AWAY 





FIELDEN ELECTRONICS LTD * WYTHENSHAWE - MANCHESTER Phone: Wythenshawe 3251 (4 lines) 
ALSO AUSTRALIA, ITALY AND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH AND DUBLIN. Recordin 
Agents throughout the world Control ad 


Grams: Humidity Manchester Indicating 


BI 
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Mc/s TRANSISTORS 
From TEXAS 


Complete transistorisation of highband v.h.f. and of 
much u.h.f. equipment is now a reality with the 
introduction of two new Texas Instruments diffused- 
base germanium transistors, the 2N1142 and the 
2N1143. 

With an alpha frequency cutoff of 600 Mc/s for 
the 2N1142 and 480 Mc/s for the 2N1143, and a 
total dissipation up to 750 mW at 25°C these tran- 
sistors will have wide application in airborne com- 
munication and navigation equipment. For added 
reliability these diffused-base transistors are enclosed See cxminee apnea caenighh seaien 
in the JEDEC-TOS welded case. pone eo este 


TEXAS INSTRUMENTS LIMITED 


° 
afs 
TELEPHONE : BEDFORD 68051 DALLAS ROAD BEDFORD CABLES : TEXINLIM BEDFORD ct 
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VIE WPOINTS letters to the Editor 


Bouquet for NP 


SIR: Congratulations on your scoop 
in the December issue with Phillips’ 
article. Some signs of last-minute edi- 
torial panic in the page numbering, 
but what a difference from the six 
months wait for news after Calder 
No. | went critical! 

Kennedy & Donkin, ROBIN P. W. GUARD 
12 Caxton St., 

London, W1 


A blow for badges 


SIR: I should like to comment on the 
argument Mr. Blair advances (View- 
points, December) in favour of dose- 
meters rather than film badges and 
to point out some of the disadvan- 
tages of the instruments. 

1. Mr. Blair’s first point is that the 
dose to the operator can be read at 
any moment. This is not true unless 
operators are exposed in a high radia- 
tion field which is most undesirable 
and, I hope, not common practice in 
industrial radiography. On the most 
sensitive quartz fibre electrometer pre- 
sently available (0-0-2 r), one hour’s 
exposure at the rate of 7-5 mr/h re- 
presents a needle movement of only 
3:75% of a scale about 0-Sin. (1-27 
cm) in length, in other words a 
needle movement of about 0-02 in. 
(0-05 cm). Minute to minute reading 
as implied must of necessity be use- 
lessly inaccurate. 

On the other hand, should an 
operator accidentally receive a rela- 
tively large dose (and this is not as 
uncommon as it should be), it is pos- 
sible that his dosemeter will be off 
scale and all direct evidence of the 
actual dose received is lost—a point 
of extreme importance from the 
medico/legal aspect should any subse- 
quent claims for injury or ill health 
arise. This is a point which must be 
given careful and deliberate consider- 
ation in view of forthcoming legisla- 
tion. 

Surely the logical and safe method 
of controlling exposure is by the use 
of battery-operated doserate moni- 
tors to establish conditions and en- 
sure working levels are acceptable 
and to equip personnel with film 
badges. Pocket electrometers can fill 
a useful, but supplementary function 
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under these circumstances, but to 
rely on them as a first or last line of 
defence is completely unacceptable, 
especially in view of their shortcom- 
ings. 
2. The second point, on the confi- 
dence and sense of security of opera- 
tors, implies a possibility of an over- 
dose. This surely puts the cart be- 
fore the horse. The system of exposing 
or transferring isotopes or the ener- 
gizing of an X-ray tube on a routine 
basis should be so established, de- 
signed, and controlled that overdoses 
are impossible providing a recognized 
drill is followed. The operators sense 
of security then follows automatically. 
In my fairly wide experience no lack 
of confidence in a film badge system 
supplemented with monitoring sur- 
veys has ever been expressed. As 
stated previously, however, the wear- 
ing of dosemeters supplementary to 
films is only common prudence when 
conditions are largely unknown or 
when entering an area of high radia- 
tion for emergency repair work. 
3. Some of the disadvantages of quartz 
fibre electrometers are :— 
a. No ‘automatic’ permanent record 
is produced as with a film badge. 
b. Possibility exists of false readings 
(high or low) as a result of knocking 
or dropping the instrument. 
c. Instruments are largely insensitive 
to beta radiation: that from a Co-60 
source for instance can be not incon- 
siderable. 
d. Absolute dependence upon the 
human element (which varies signi- 
ficantly from person to person) is 
necessary in the conscientious re- 
charging, zeroing, reading and record- 
ing of results. All that is necessary 
with a film badge is to ensure that it 
is worn and changed at predetermined 
intervals. This assumes that the film 
processing and assessing system is de- 
pendable and this of course is a pre- 
requisite. 
e. Initial cost is high (£10) and due 
to the nature of construction the in- 
struments are somewhat delicate, The 
initial cost of one instrument can be 
expected to cover the cost of film 
badges, changed on a weekly basis, 
for one person for two years at least. 
In conclusion I would say that I 
should be extremely sceptical of any 


radiation exposing records based on 
this system of personnel monitoring. 
Senior Health Physicist, D. 3. MATHIAS 
Atomic Energy Division, 
General Electric Co. Ltd. 


DOUNREAY SCOOP 


Many of the readers who have 
written to congratulate NUCLEAR 
POWER on its Dounreay scoop 
have expressed amazement at the 
speed of the whole thing. How, 
they ask, did we manage to 
come out with a fourteen page 
section on the fast reactor, in- 
cluding a first-hand account of 
the commissioning, five days 
after it first started up, especially 
since the project was eighteen 
months behind schedule, and no 
one could be certain when it 
would actually go into opera- 
tion. The explanation is really 
quite simple. An article on the 
instrumentation had been com- 
missioned some months before, 
and after doing a bit of crystal 
gazing, the Editor decided to 
run it in the December issue. 
Meanwhile, the Works Manager 
at Dounreay worked on an 
article describing the final stages 
of commissioning, keeping it up- 
to-date and clearing it with the 
Atomic Energy Authority as he 
went along. By Friday, Novem- 
ber 13, the last problems had 
been overcome and_ start-up 
seemed only a matter of hours 
away. By this time, of course, 
the magazine contents had been 
settled—and most of it printed 
—but such an important story 
called for emergency measures, 
so the printing of the last six- 
teen pages was halted. On the 
Saturday morning at 11 o’clock, 
the fast reactor went into opera- 
tion. The article was completed, 
flown down to a private air- 
field near London and was in 
the hands of NUCLEAR POWER 
staff by the time the first an- 
nouncement of the startup was 
made by the BBC. 
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REACTOR GRAPHITES 

BUILDING BRICKS 

SPECIAL UNIMPREGNATED GRAPHITES 
PALLADIUM (H, at 200°C) 


IMPREGHATED GRAPHITE 


MILD STEEL (N, at 600°C) 
NATURAL RUBBER 

BUTYL RUBBER 

GLASSES 


B.E.0. IMPERMEABLE GRAPHITE 













creates 
impermeable 
graphite 


A new form of graphite which is totally impermeable to gases 
has been developed in the Research Laboratories of G.E.C. 
Produced by an unconventional process, the carbon structure 
is entirely different from all other kinds of graphite currently in 
use for nuclear reactor applications. Mass spectrometer tests 
have shown that the permeation of helium gas through this 
material approximates to that through glass. Apart from its im- 
permeability, this graphite has considerable mechanical strength 
over a wide temperature range and exhibits great resistance to 
corrosion. Furthermore, it retains these properties even after 
intensive neutron irradiation. An additional advantage is that 
it has proved possible to produce sound and impermeable 
graphite-to-graphite and graphite-to-metal welds. 

The most important of the many possible nuclear applications 
of this revolutionary form of graphite is likely to be as a fuel- 
canning material, where its characteristic properties should 
permit the use of much higher operating temperatures. This 
in turn would result in increased fuel ratings, decreased capital 
costs, and improved efficiencies for nuclear power plants. 
G.E.C. has also developed a new method of impregnating 
normal graphite which can reduce its permeability to less 
than a millionth of that of ordinary electrode graphite. The 
sleeves that support the fuel elements for the Hunterston 
Nuclear Generating Station, made from graphite impregnated 
in this way, will isolate the main moderator graphite from the 
coolant gas stream and permit it to be maintained at a 
temperature such that no significant storage of Wigner energy 
will occur during the life of the reactor. Enquiries should be 
addressed to The G.E.C. Research Laboratories, Wembley, Middlesex. 





OF ENGLAND 


ATOMIC ENERGY DIVISION 


77 THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND, ERITH, KENT 
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The pace slackens 


IT WOULD be easy to think of 1959 as a year 
of almost unrelieved gloom in the world’s atomic 
energy industries. Many programmes have been 
revised, and the handful of extra contracts for 
nuclear power stations has been almost balanced 
by the number of projects dropped. In the United 
Kingdom the Central Electricity Generating Board 
is ordering new stations as slowly as it possibly 
can without getting irreversibly behind schedule. 
In Russia the programme has been put back by 
five years and the rate of building slashed by more 
than half. The US-Euratom programme, in spite 
of strenuous efforts by the Agency to prod Euro- 
pean countries into action, has got off to a pretty 
feeble start: instead of the several firm proposals 
for power reactors expected, only one—SENN in 
Italy—has materialized and this already existed 
as a project before the Euratom programme was 
started. Even in the United States itself, the 
Atomic Energy Commission’s ebullience has given 
way to a feeling that the palmy days are over and 
that America cannot continue to investigate every 
reactor system in sight. 

Some good things happened of course. In 
Britain, Chapelcross went critical so that this 
country now has an operating nuclear capacity of 
368 megawatts. Work on the first round civil sta- 
tions has fallen slightly behind schedule but with- 
Out serious incident, and it is as well to remem- 
ber that this is still the largest constructional pro- 
gramme in the world. The Dounreay fast reactor, 
though eighteen months behind schedule, did start 
up in the end. 

The construction of the advanced gas-cooled 
reactor experiment at Windscale continued, while 
the Atomic Energy Authority took a closer look 
at beryllium and decided they had better use the 
reactor to test stainless steel cans as well. In 
addition they got round to thinking that an insur- 
ance against failure of the AGR might be advis- 
able, and picked on the steam-cooled heavy water 
moderated system. 

Several important things did not happen. Serious 
work on the semi-commercial prototype for a fast 
breeder reactor power station did not start; nor 
did construction of the Dragon high temperature 
reactor, and enthusiasts for the system had the 
mortification of seeing both the Americans and 
Germans start work on advanced experiments of 
their own. The fog round the Government’s 
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nuclear fuel policy grew, if anything, thicker still, 
and on the export side early high hopes were 
rather blighted by the failure to secure more than 
one further order. 

The reasons behind this world slowdown are 
partly technological. The complexity and cost of 
development of atomic power is now more fully 
appreciated. This is especially true in those lower 
income countries which thought that cheap atomic 
power in small units was just around the corner; 
their views have been modified. 


A different frame 


In the more heavily industrialized countries the 
overall fuel situation into which atomic power 
must be fitted has changed. Fossil fuel costs have 
stopped rising, and in some cases have actually 
gone down. This may or may not be a short time 
phenomenon, but even if coal prices were stimu- 
lated by a rise in the general level of economic 
activity nuclear power stations would still have 
to face the surprising increase in efficiency and 
decline of capital cost of conventional plant. How- 
ever, atomic power’s real rival is oil rather than 
coal, and the price of this is unlikely to go up, as 
the proportion of known oil reserves to produc- 
tion is increasing. The situation could of course 
be altered by the present pressure of some govern- 
ments to limit or tax oil imports; it might be 
argued that this could only be an artificial boost 
to atomic power and could easily be cancelled 
later on but, on the other hand, it might push 
governments into increasing the heavy capital 
expenditure which alone can really establish the 
industry. 

All this adds up to a picture which will depress 
those who had hoped to see the atomic energy 
programmes keep up their previous progress with- 
out a falter, but two facts must be kept in mind. 
Firstly the early pace was tremendous for a new 
technology, and even at its reduced rate, even in 
1959, the volume of work actually done in this 
new industry is staggering. Secondly nuclear power 
stations take years to build, and though the last 
year has not offered the sight of reactors starting 
up all over the place, late 1960 and 1961 certainly 
will. In Britain the year ended on an encouraging 
note. The ‘Galbraith’ committee has emerged 
from its long sleep with a recommendation to 
invite tenders for a marine propulsion reactor. 
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Conventional oils cannot live in conditions of atomic 
radiation. Such conditions are inseparable from 
certain parts of any mechanism designed to produce 
power from nuclear fission. 
This, and other allied lubrication problems, was the 
challenge which faced oil technologists everywhere. 
And, as so often in the past, Wakefield-Dick’s research team , 
produced the answer. An entirely new series 
of oils and greases, resistant to radiation 


and named ‘“‘Nucleol”’, is now available to eal Lo _ 
lubricate the wheels of this Atomic Age. o 7 a A Wakefield-Dick research chemist investigating 


the effects of radiation on lubricants. 


Two examples of the 
NUCLEOL range 


NUCLEOL 522 A radiation resistant lubricant 
based on selected mineral oils of high arcmati- 
city and containing special inhibitors. 





NUCLEOL G 120 A grease gelled with a new 
compound, and specially inhibited. Designed for 
the lubrication of control actuator bearings 
operating at the lower radiation levels. 
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‘Worldview 


the month in atomic energy 


Green light for ships 

The Minister of Transport, Mr. Ernest 
Marples, has decided to accept the re- 
commendations of the Galbraith Com- 
mittee to proceed further with the appli- 
cation of BWRs and OMRs for marine 
propulsion purposes. The Ministry is 
issuing invitations to tender for suitable 
reactors of these types to be installed 
into a 65,000 ton tanker. 

Discussions are being held with ship- 
builders and owners regarding participa- 
tion in the building and operating of 
this ship. 


AEA buys private design 

The Hawker Siddeley Nuclear Power 
Company has received a contract to 
supply a reactor to the Authority to 
be installed at Winfrith. To be known 
as Nestor, Neutron Source Thermal 
Reactor, it is based on the Jason reactor 
(see NUCLEAR POWER, March 1959, pp. 90 
and 91) and will be in operation by 
December 1960. 

Dr. P. W. Mummery, of AERE, Har- 
well, told NUCLEAR POWER that Nestor 
will be used for research on GCR’s, AGR’S 
and a liquid moderated system. To meet 
the Authority’s requirements the normal 
Jason layout has been modified so that 
the reactor will be capable of continu- 
ously operating at a power of up to 
10kW and serving up to five experi- 
mental assemblies simultaneously. 

The fuel in Nestor will be an alloy 
of highly enriched uranium and alumin- 
ium arranged in an annulus of plates 


UK gives more know-how 

At the beginning of December the first 
meeting of the Ministerial Committee for 
Cooperation between the UK and Eur- 
atom was held. The two most important 
items discussed were the suggested co- 
operation on reactor development, fast 
b:eeders and AGR systems, and collab- 
Jration in fusion research. 

A preliminary technical meeting has 
been proposed for January 1960, when 
the possibilities of Euratom personnel 
joining the Authority's reactor projects 
will be investigated. 

Euratom is now to benefit from the 
AEA’s work on fusion research at Har- 
well and, when it becomes operational, 
Culham. Already the Community has 
come to similar arrangements with the 
French authorities on ‘ mirror’ research 
and with the Germans for accelerator 
development. In this way, Euratom is 
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now in a position of learning all there 
is to learn on nuclear fusion without 
having to go to the expense of setting up 
its own research facilities. 


Zenith goes critical 

On Saturday, December 19, Zenith, the 
zero energy high temperature reactor, 
went critical. This GEC-built (see NUCLEAR 
POWER, August 1959, pp. 90 and 91) unit 
is the first major facility at the AEA’s 
new establishment at Winfrith to come 
into service and will operate under tem- 
perature conditions similar to those ex- 
pected in high temperature power re- 
actors. Zenith will be rented to the 
20 MW dragon international project to 
check design calculations. Already over 
30 specialists from overseas organizations 
have joined the Winfrith staff for this 
work 


INTERNATIONAL 
Watching food interests 
Rome—A commission of the Food and 
Agriculture Organization of the United 
Nations, FAO, has decided to expand, 
over the next two years, the organiza- 
tion’s work in the application of nuclear 


JASON 
STARTS WORK 


Sir John Cockcroft 
recently inaugura- 
ted Hawker Sidde- 
ley’s reactor at 
Langley, near 
Slough. Mr. B. 
Emmerson, the re- 
actor supervisor, 
keeps watch 





energy to agriculture and food. This will 
enable FAO’s activities, which have been 
mainly confined to Europe so far, to be 
extended to Asia, Latin America, the 
Near East and Africa. 

The principal lines of work will be 
the coordination of research in the use 
of irradiation for the preservation of 
food and studies on the agricultural 
aspects of radioactive contamination. 


- EIRE on 
Buying from the US 


Dublin—A caesium 137 nuclear irradia- 
tor has been ordered by the University 
here. Using some 700 curies of caesium 
137, it will be designed and built by the 
American company Radiation Applica- 
tions Inc. When it has been installed, in 
about four months time, this facility will 
be used for botanical and genetic re- 
search. 


oe 


Two reactors start up 

Rome—At the end of November two 
American-built reactors in Italy were 
brought into’ service. One is the 








During the opening ceremony Sir Roy 
Dobson, chairman of Hawker Siddeley 
presented this ‘Jason’ cigarette box to 
Sir John. Within three hours of being 
started up the first isotope from the reac- 
tor was delivered to Slough College of 
Further Education. The box carries an 
engraving of NUCLEAR POWER’S draw- 
ing of the reactor (March p 91) 
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50 MW aqueous homogeneous research 
reactor located at the Enrico Fermi 
Nuclear Study Centre of the Milan Poly- 
technic Institute and was constructed by 


Atomics International 

The other, a 1 MW swimming pool re- 
actor, has been installed at Saluggia, some 
20 miles north-east of Turin, by the AMF 
Atomics division. This facility will be 
operated by the Societa Ricerche Impi- 
anti Nucleari, SORIN, an organization 
owned by two Italian industrial groups, 
Fiats of Turin and Montecatini of Milan. 
This reactor has a potential capacity of 
operating at up to 5MW 


NORWAY 


New fuel contract 

Oslo—After having had negotiations 
earlier with the American AEC, the Nor- 
wegian Institutt for Atomenergi has 
ordered the second fuel charge for the 
OEEC Halden BHwr from A/B Atom- 
energi of Sweden. This contract is valued 
at approximately £180,000. 

Since the Halden reactor (see World- 
view, November last) went critical it has 
been operating at zero power but it is 
now proposed to add a number of 
slightly enriched uranium ‘spikes’. These, 
it is anticipated, will enable a power level 
of 5 MWt to be attained. 

The second charge, totalling approxi- 
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HINKLEY POINT 


After nearly two 
years since construc- 
tion was started the 
shells of the two 
reactors have been 
completed 


mately 3300 Ib of 1-59, enriched uranium 
oxide, will be made up into 100 seven- 
element assemblies of Zircaloy-clad rods. 
When delivered in March 1961, it is ex- 
pected that power levels of up to 20 
MWt will be obtained. 


- JAPAN 


Transfer of responsibility ? 
Tokyo—At the beginning of December 
the Director General of the IAEA, Mr. 
Sterling Cole, and senior officials of the 
agency made an _ extensive tour of 
Japanese facilities. During discussions 
covering all aspects of nuclear activities, 
Japan’s wish to place the administration 
of her bilateral agreements with Canada, 
the United Kingdom and the United 
States under the control of the IAEA 
were reviewed and the possibilities of 
further cooperation were explored 


WORLDBRIEFS 


@ International A European-American 
Nuclear Data Committee, of thirteen ex- 
perts, has been set up by the European 
Nuclear Energy Agency, in agreement 
with Euratom, Canada and the United 
States, to assure collaboration among 
OEEC member and associate countries 
in the measurement of nuclear proper- 


ties. 


US Navy ‘TRITON’ 
The diving controls 
of the largest 
American nuclear 
submarine. The 447 
fe ‘Triton’ has a 
cruising range of 
110,000 miles 


e@ International The twelve Socialist 
countries forming the Joint Nuclear Re- 
search Institute have recently signed a 
new protocol in Dubna, near Moscow. 
This provides for a further extension of 
cooperation and to increase the use of 
nuclear energy. 


@ [nternational A panel of experts was 
convened last month by the IAEA to 
recommend detailed measures for a 
worldwide project to measure tritium, 
hydrogen-3, concentrations in water. 


@ International The help of experts and 
financial contributions are being pro- 
vided by the IAEA for the training of 








FIRST PRIVATE ITALIAN REACTOR 

The |1MW_ swimming pool reactor 

operated by SORIN has recently gone 
critical 





students in Latin America and South 
East Asia in the use of radioisotopes. 


@ Euratom Discussions have recently 
taken place on the participation of 
Euratom at the German nuclear research 
centre at Karlsruhe on the study of trans- 
uranic elements. Both the Community 
officials and the Federal authorities 
stressed that an impetus must be given 
to the work being carried out in this field 
of research. 


@ Canada—-USA The AEC have informed 
the Canadian Authorities that it is not in 
a position to exercise its option to pur- 
chase additional Canadian uranium con- 
centrate in the post-1962 period. The 
Commission has, however, agreed to a 
stretch-out arrangement during the period 
from the end of March 1962 to Decem- 
ber 31, 1966. 


@ Hungary-Russia A plan of cooperation 
for 1960 has been signed in Moscow by 
representatives of the Hungarian and 
Soviet Academies of Sciences, Under its 
terms, fifty scientists from each country 
will interchange visits and scientific in- 
formation will be exchanged. 


@ Russia-USA Following earlier dis- 
cussions (see Worldview, November) a 
memorandum providing for a programme 
of reciprocal exchanges in the field of 
the peaceful uses of nuclear energy has 
now been signed by the two countries 
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for the year 1960-61. This agreement 
covers exchange of information and 
visits of personnel, the possibility of 
undertaking joint enterprises and the 
making available of new instruments on 
a reciprocal basis. 


e Argentina A series of preliminary geo- 
logical investigations carried out in the 
province of Santiago del Estero has re- 
vealed the existence of radioactive min- 
eral deposits. Further studies are now 
being made. 


@ Canada The £M32 power project, 
NPD, has reached the halfway mark in 
its construction. It is scheduled to start 
delivering power by mid-1961. 


@ Canada Senior officials of the United 
Kingdom AEA visited Chalk River re- 
cently to attend the Seventh UK-Canada 
Technical Policy Conference. The AEA’s 
work on the preliminary design of a 
steam-cooled heavy water reactor was 
reviewed during the discussions. 


@ Finland Included in the Finnish re- 
quest to the IAEA for supplies of en- 
riched uranium was assistance in fabri- 
cating the fuel into elements. The Agency 
has transmitted this enquiry to three 
member states, the UK, USA and USSR. 


@ France Following tests on the main 
reactor vessel of the 60 MW eprFr-1 at 
Chinon it is anticipated that the startup 
will be delayed as it has been found 
necessary to cut out and reweld a num- 
ber of joints in the plates. 


© Germany The Federal Government 
has promised to guarantee up to ap- 
proximately DMI00M, nearly £MS58, for 
the Arbeitsgemeinschaft Kernkraftwerke 
Stuttgart (AKS) project to build a 150 
MW omre under the joint Euratom-USA 
power programme. 


@ India) When President Eisenhower 
formally opened the US exhibit at the 
World Agriculture Fair, New Delhi, he 
started up a Triga 100 kW reactor. 


@ Indonesia The Minister of 
struction and 


Recon- 
Development, Chaerul 
Saleh, has been appointed deputy chair- 
man of the Indonesian Atomic Energy 
Council, thus all the council members 
are either ministers or deputy ministers. 


@ Japan The contract for the 150 MW 
gas-cooled reactor which the UK General 
Electric Co. is to build at Tokai Mura 
was signed in Tokyo on December 22. 

@ South Africa Dr. A. J. A. Rouse, 
director of the Union’s Atomic Energy 
Board’s £M4 development programme 
has stated that a comparatively small 
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research reactor will be brought from 
overseas and later the Union will develop 
and build a high flux reactor of its own. 


e@ Switzerland The proton synchrotron 
built by the European Organization for 
Nuclear Research, CERN, at Meyrin, 
near Geneva, has recently been operated 
at its full power of 24 MeV. 


© United Kingdom A technical sym- 
posium, attended by 90 scientists and 
engineers, was recently held at Bourne- 
mouth. It reviewed the use of graphite 
in reactor fuel elements with special 
reference to the OEEC Dragon project. 


@ United Kingdom Mr. A. Robens, MP 
for Blyth, has been appointed consultant 
of labour relations by Atomic Power 
Constructions Ltd. for their Trawsfynydd 
project. 


@ United States Two critical assemblies, 
the Zero Power Reactor 6, ZPR-VI, and 
Zero Power Reactor 9, ZPR-IxX, together 
with a low-flux special purpose research 
reactor, Juggernaut, are to be built at 
the Argonne National Laboratory. 


@ United States The AEC, in conjunc- 
tion with the Department of Defense is 
to place an increased emphasis on the 
development of advanced fuel elements 


Worldview 
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NEW USSR FACILITY The Institute of 
Physics of the Georgian SSR Academy 
oi Sciences at Tbilisi has now brought 
this 2 MW reactor into service 


for the direct cycle phase of its Aircraft 
Nuclear Propulsion programme. 


e@ [International The first volume of the 
proceedings of the Stresa Conference has 
been issued by the OEEC. It includes 
two special ENEA studies on ‘ Estimates 
or Nuclear Energy Production in Europe 
1958-1965, anticipated to cost some 
£M1071, and * Financing Nuclear Energy 
Programmes and Relations between State 
and Industry ’ 








The 50MWte nuclear auxiliary power 

system, SNAP Il, has potential advan- 

tages of low weight, high power and 

long life over the chemical batteries 

and solar cells used in recent space 
satellites 
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SNAP Il 

Reactor power 
plant designed to 
operate continu- 


ously and unatten- 
ded in space for a 
year 


The reactor was designed and con- 

structed for the United States AEC by 

Atomics International. Fuelled with en- 

riched uranium it is now undergoing 

ground tests at the Commission’s facility 
in the Santa Susana mountains 
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Waste disposal 
conference 


Our special correspondent 


reports from Monaco 


OVER 300 experts attended the first in- 
ternational scientific conference on the 
practical aspects of the disposal of 
radioactive waste, held at the Oceano- 
graphic Museum here for five days in 
November 
by the International Atomic Energy 
Agency, IAEA, and the United Nations’ 
Educational, Cultural 
Organization, UNESCO, and supported 
by the Food and Agricultural Organiza- 
tion, FAO. Representatives of the World 
Health Organization, WHO, and World 
WMO, 
attended and altogether 32 countries and 


The meeting was sponsored 


Scientific and 


Meteorological Organization 


11 international organizations were re- 
presented 





The discussions covered the problems 


associated with the origin and nature of 
possible wastes from nuclear ships, fuel 
processing, isotope applications and 
nuclear accidents; disposal procedures in 
air, soil and water; economic factors; 
and the need for cooperative research. 

The object of these talks was to im- 
plement the various international direc- 
tives, such as the IAEA’s Statute to 
establish or adopt * standards of safety 
for protection of health and minimiza- 
tion of danger to life and property 

During the meeting it become obvious 
that the UK Atomic Energy Authority’s 
policy of sea strongly 
frowned upon. Russian delegates said 
bluntly that radioactive waste 
should not be dumped but sealed up and 
safely stored indefinitely. 

French Atomic Energy Commission 
personnel from Saclay reviewed methods 
now being tested which included the seal- 
ing of solid wastes in large concrete 


disposal was 


quite 
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blocks and sludge in drums buried in 
concrete tombs. So far, France has not 
dumped any radioactive waste into the 
sea. Atomic Energy of Canada Ltd. are 
also using various storage methods and 
at the Hanford Atomic Products Opera- 
tion at Richland, Washington, chemical 
treatment is being employed to reduce 
the volume of stored materials. In some 
cases a reduction of up to 90% has been 


achieved. 


Volumes to be handled 

Mr. Sterling Cole, Director General of 
IAEA, said that the problem was one 
of storage rather than disposal and that 
with only the present limited power pro- 


AT MONTE CARLO 
HS.H. Prince 
Rainier of Monaco 
welcomes delegates 
to the conference. 
On the left is Mr. 
Sterling Cole, Direc- 
tor General of 
IAEA and on the 
right is Mr. Vz. 
Veronese, Director 
General, UNESCO 


gramme it has been estimated that some 
10} million gallons of high-level waste 
solutions from spent reactor fuel were 
produced annually. Mr. F. R. Bruce, of 
the Oak Ridge National Laboratory, am- 
plified these figures by saying that in 
the US alone it was estimated that the 
nuclear power industry would have pro- 
duced waste amounting to about three 
million curies by 2000. Each ton of ura- 
nium fuel reprocessed produces 1200 
gallons of radioactive waste. 

The main danger, according to Mr. 
H. D. Schulte, group leader of the in- 
dustrial hygiene group at Los Alamos, 
lies in the operation of fuel reprocessing 
plants; the normal operation of a reactor 
raised no great problems. 

AEA’s Mr. R. H. Burns said that spe- 
cial treatment was carried out at AERE, 
Harwell, before low-level liquid waste 
was discharged in the Thames and no 
solid waste was buried at Harwell so that 
any danger of seepage into the river was 


avoided. Similar precautions are being 
taken in Denmark, reported Mr. Ib. Lar- 
sen. A decontamination plant has been 
built at Riso which is capable of reduc- 
ing activity in liquid waste to less than 
one tenth of the maximum standard set 
for drinking water. 


Russian ideas 
The fixation of radioactive material in 
glass under high temperature was at pre- 
sent being studied in the Soviet Union, 
Mr. P. V. Zimakov stated. This method 
increases safety in that it renders the 
waste material solid and reduces its solu- 
bility before it is buried. Work is going 
on to improve the technique as complete 
insolubility has not yet been achieved. 
Considering the use of deep waters as 
dumping areas, Mr. L. A. Zenkovich of 
the USSR said that in the Soviet Union 
they had come to the conclusion that 
no isolation of deep waters existed in 
the world’s oceans. A turbulent mixing 
of various layers took place down to 
depths of 36,000 feet. This opinion was 
not shared by the United States and 
according to Mr. M. B. Schaeffer, the rate 
of mixing in the Pacific Ocean seemed 
to indicate that a water particle remained 
well below the surface for a period of 
between 1000 and 2000 years. 
Concluding the panel discussion on 
sea disposal, Mr. Roger Revelle of the 
Scripps Institute of Oceanography, Cali- 
fornia, said that it was evident that ten 
times more money and facilities were 
needed for research. 


Possible solutions 

Dr. H. Jammot, of France, who attended 
the conference as a representative of the 
International Commission for Radiolo- 
gical Protection, ICRP, said that the 
meeting had shown that within the per- 
missible radiation limits set by ICRP, 
several solutions to the problem of waste 
disposal were available. 

Summing up the work of the confer- 
ence, Mr. G. W. C. Tait, Director of the 
Division of Health, Safety and Waste 
Disposal of the IAEA, said ‘one must 
take into account physical, chemical, geo- 
logical, oceanographic and _ biological 
conditions as well as the habits of the 
organisms in the area.’ 
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AEC financial report 


for 1959 


Activities and costs 


greatly increased 


THERE CERTAINLY does not appear 
to be any recession in the Amercan 
nuclear engineering industry from the US 
Atomic Energy Commission’s financial 
report for the year ending June 1959, 
which shows that some $M7292, nearly 
£M2900, had been spent on plant and 
equipment. 

The AEC’s intensified efforts in nearly 
all fields of nuclear energy brought the 
net cost of operations to $2°5 billion for 
the year which represents an increase of 
nine per cent over 1958. With the excep- 
tion of the naval class of reactors, which 
by now have been fairly well estab- 
lished, the reactor research and develop- 
ment effort has been increased by 16 


Industrial power 

During the financial year 1959, the 
AEC’s research and development costs 
for civilian power reactors were $M105 
for specific reactor concepts and in ad- 
dition they participated in a number 
of cooperative projects which included 
110 MWe Yankee Atomic Electric Co 
due to startup July 1960; 94MWe 
Power Reactor Development Co due to 
startup August 1960; 20MWe Rural 
Cooperative Power Association due to 
startup January 1961; 10-5 MWe City of 
Piqua due to startup September 1961; 
75MWe Hallam __ District 
Public Power due to startup November 
1961; 62 MWe Northern States Power 
Company due to startup May 1962; 17 
MWe Carolinas-Virginia Nuclear Powe1 


Consumers 
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Association due to startup June 1962; 50 
MWe East Central Nuclear Group due 
to startup December 1963; 40 MWe Phila- 
delphia Electric Company due to startup 
December 1963 and fast breeder reactor 
technology. The financial breakdown be- 
hind this 478-5 MWe cooperative power 
programme is: 


Cumulative Costs Total 
to June 30, 1959 Estimated Costs 
Partici- Partici- 
AFC pants AEC pants 


(in millions of dollars) 





Research and 
development 20-7 16°6 93-3 49-6 
Nuclear plant 
construction 4:1 
Conventional plant 


26:2 40-7 138-7 





construction - 21-8 — 98-8 
Waiver of fuel 

use—charges om -- 13-7 
Total 24-9 64-6 147-7 287°1 


Marine propulsion 


Over the past year, the AEC costs for 
research, development and tests of speci- 
fic reactors for the application of nu- 
clear power in the maritime service have 
been more than trebled. Construction 
costs for the NS Savannah are estimated 
at $M45 of which $M26 will be pro- 
vided by the Commission for the reactor 
and related facilities and the balance of 
$M19 for the hull and outfitting will be 
provided by the US Maritime Admin- 
istration. Preliminary design work has 
been carried out on marine-type BWRs 


Civil nencrens | 


GB fotal consiruction 
costs 1959 


research and 
development costs 
1959 
(7 research and 
development costs 
1958 
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millions of dollars 


and Gcrs and for the latter the Mari- 
time Administration has spent nearly 
$M2 on the associated turbines and 
other machinery. This joint programme 
is to be continued through the current 
year. 


Physical research 
Costs relating to chemical, metallurgical, 
physical and controlled thermonuclear 
research have increased by some 28%, to 
$M112. In addition, research in the life 
sciences has cost more. 


Cheaper fuel 

While the uranium concentrate pur- 
chases by the AEC totalled $M689, an 
increase of 23%, the cost of production 
of nuclear materials decreased by $M37 
even though the quantities produced 
were increased. From the beginning of 
the AEC’s programme to July 1, 1955, 
83°% of the uranium purchased came 
from foreign sources. Between July 1, 
1955 and June 30, 1962 it is proposed 
that 47% will came from domestic 
sources and 53° from overseas. Of the 
outstanding contracts for the period June 
30, 1962 to December 31, 1966, 84% of 
the uranium which the AEC is commit- 
ted to buy will come from US plants. 
During the 1959 financial year, the sales 
of source and special nuclear material 
were trebled and totalled seme $M70. 


Educational assistance 

An extensive programme of assistance 
to colleges and other educational insti- 
tutions has been maintained and a num- 
ber of schools and courses have been 
sponsored by the AEC for qualified 
scientific students in the fields of reactor 
and radioisotope technology. In addi- 
tion, reactors, subcritical assemblies and 
similar items have been obtained by 128 
universities and colleges with the aid of 
AEC funds. 


Future costs 

From the figures included in the 1959 
Annual Financial Report it is evident 
that the AEC will continue to have to 
foot an ever-increasing bill. Against this, 
however, it can be seen that the Com- 
mission’s programme will lead _ the 
American nuclear engineering industry 
into a well-established and important 
position in the US economy. 
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The heads*of the International Atomic Energy 


Agency, Euratom, and the European Nuclear 


Energy Agency report their progress in 1969 


~ 


a 


The year in the International Agencies 





AT THIS TIME last year I wrote for 
NUCLEAR POWER a summary assess- 
ment of the work and functions of 
the International Atomic’ Energy 
Agency. In making a similar assess- 
ment this year I am forcefully struck 
by the changes that have occurred in 
this brief period of twelve months. 
Last year I mainly referred to plans 
and projects; now I can speak of 
activities and achievements. 


Coming to grips with reality 

Last year we heard many expres 
sions of dissatisfaction or impatience 
with what was called ‘the Agency's 
slow start’. Although I did not find 
the criticisms justified, I certainly 
shared some of the impatience. This 
year it seemed to be generally acknow 
ledged that the Agency, in the words 
of the General Conference President, 
Mr. Furuuchi of Japan, ‘had found 
its feet’ and ‘had come to grips with 
reality °. 

The International Agency has work 
well under way in the field of safety 
In December 1958 we issued a manual 
on the safe handling of radioisotopes. 
More detailed advice on the use of 
radioisotopes will be given in two 
substantial addenda, one dealing with 
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THE WORK OF THE 
INTERNATIONAL ATOMIC 
ENERGY AGENCY 

W. Sterling Cole, 


Director General 


health physics and the other with 
medical aspects of the problem. The 
manual will be revised from time to 
time as operational experience of its 
use is reported to the Agency. Similar 
manuals will be drawn up for the 
operation of critical assemblies and re- 
search reactors. Power reactor safety 
also presents problems, particularly in 
regard to siting. 

The Agency also arranges for 
health and safety advice and evalua- 
tion of specific projects. On the re- 
quest of the Swiss authorities, a panel 
of experts recommended and serviced 
by the Agency evaluated the safety 
aspects of a Swiss reactor project and 
issued a ‘certificate of fitness’. We 
have had further enquiries for ser- 
vices of this kind and such _inter- 
national certification might well de- 
velop into an important function of 
the Agency 

An unfortunate accident took place 
in the course of an experiment with 
a critical assembly at Vinca, Yugo- 
slavia, in October 1958, and the 
Agency, together with the Yugoslav 
authorities, is now investigating the 
causes and precise happenings. This 
investigation will yield valuable in- 
formation which could have signifi- 


cant bearing on similar installations in 
other countries and the effectiveness 
of medical treatment of heavy radia- 
tion exposure. 

An Agency panel of experts from 
nine countries, under the chairman- 
ship of Mr. Harry Brynielsson, head 
of the Swedish Atomic Energy Com- 
pany, has been at work since October 
last year on problems relating to dis- 
posal into the sea. Sea disposal of 
radioactive wastes is of course of 
special international interest; waves 
and currents do not respect national 
frontiers or three-mile limits. 

It is quite possible, for instance, 
that the International Agency will 
maintain a register of all radioactive 
waste disposals into the sea and call 
upon Governments to give us the 
necessary information. With the regis- 
ter might be coupled a system of ad- 
vance notice of intent, annual reports 
on the state of such sites and perhaps 
a monitoring programme. 

In this connexion I wish to draw 
attention to a proposal laid before the 
Agency at the General Conference a 
few weeks ago by the United States 
delegation. The Agency should, ac- 
cording to this proposal, initiate a 
programme to determine the feasibil- 
ity of establishing regional or inter- 
national burial grounds for packaged 
or solid wastes and investigate the 
designation of specific sea disposal 
sites and establish an_ international 
registry for sea disposal operations. It 
should also determine the safe capa- 
city of international rivers to dilute 
radioactive wastes. These suggestions 
seem eminently practical and we hope 
to be able to act upon them without 
delay. 

The Agency’s largest scientific con- 
ference so far was held recently at 
the oceanographic museum in Mon- 
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aco. It covered practical aspects of 
the whole range of radioactive waste 
disposal measures and techniques. 

The technique applied by _ the 
Agency in attempting to arrive at in- 
ternational minimum standards in the 
health and safety field seem to work 
satisfactorily. After a particular prob- 
lem or a difficult area has been iden- 
tified and the groundwork finished by 
the specialists of the Agency’s staff. 
a proposal for the calling together of 
a panel is considered. We select ex- 
perts from different countries to serve 
on such advisory panels. These ex- 
perts are appointed in their individual 
capacities, but they are often selected 
in consultation with the Member Gov- 
ernments concerned and we always 
try to obtain as wide a geographical 
distribution as possible. The panel is 
thus most likely to reflect the differ- 
ences of experience, practice and 
policy that might exist and when they 
reach general consent, which they 
seem able to do in most cases, the 
ground is well prepared for accept- 
ance of the recommendations on the 
governmental levels. 


Law, security and assistance 

A group of international legal ex- 
perts from the main countries con- 
cerned is now completing its draft of 
a convention dealing with civil liabi- 
lity. 

The Secretariat. a truly international 
one, has drafted sets of principles and 
regulations to guide the Agency’s safe- 
guards activities. These have been 
submitted to the Board of Governors 
and I reveal no confidential inform- 
ation in saying that no other single 
subject has taken more of the Board's 
attention and time. The Board has 
now provisionally agreed to the guid- 
ing principles and will consider the 
detailed regulations, based on the pro- 
visional regulations, early in 1960. 

Many aspects of the safeguards sys- 
tem necessitate further research and 
to that end we have placed a series of 
research contracts with institutions in 
Member States. The Agency is also 
preparing a manual on the principles 
and specific applications of the ac- 
counting for source and special fis- 
sionable materials. The proposed pro- 
cedures are checked on reactors and 
uranium processing plants in some 
Member States, to make sure that the 
proposals are practicable and provide 
adequate control. 

Our assistance activities cover the 
entire field of peaceful uses of atomic 
energy: fellowships, training, ex- 
change of professors, experts, equip- 
ment, advisory missions, scientific and 
technical information, research. These 
are what I would call our routine ac- 
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tivities and they have increased con- 
siderably in the past year. Here I shall 
only discuss briefly two associated 
aspects of this assistance: the supply 
of materials and assistance in the pro- 
duction of nuclear power. 

Disappointment has been voiced 
over the fact that [AEA has not in 
any measurable degree been called 
upon by Governments to serve as a 
world clearing house for fissile mater- 
ials and that no power stations have 
been built as a result of Agency 
action. 

This disappointment, although easy 
to understand and sympathize with, 
stems really from the exaggerated 
hopes embedded in some early esti- 
mates of the competitiveness of nu- 
clear power and in particular of 
nuclear power in technologically less 
advanced regions. It is not the sources 
of supply that the Agency is lacking ; 
on the contrary, numerous and gen- 
erous offers have been received. There 
is not, however, an active demand. In 
addition, such demand as there is can 
be amply met. contrary to earlier be- 
liets, by normal international trade 
and bilateral or multilateral arrange- 


THE WORK OF THE 
FURATOM COMMISSION 


Etienne Hirsch, 


AS EURATOM § (the — European 
Atomic Energy Community) enters its 
third year, it is possible to take stock 
of some of its achievements. The 
Community is still young, and still has 
a long way to go; but to some ex- 
tent it has already begun to have a 
history of its own and to make its im- 
pact felt in the atomic world. 

The broad reasons for the creation 
of Euratom are still valid today. But 
at the time when the Euratom Treaty 
was drafted, they were spurred by a 
further sense of urgency, due to the 
worsening situation of Europe’s energy 
supplies. The Suez crisis, in the sum- 
mer and autumn of 1956, made this 
situation dramatic. Today, it no longer 
seems so. Europe’s energy consump- 
tion in 1958 was in fact two per cent 
less than in 1957. In 1959, its energy 
consumption, estimated at the equiva- 
lent of some 415 million tons of coal, 
will probably be slightly lower than the 


ments. The terms so far available from 
the Agency are, in financial terms, no 
more advantageous than those ob- 
tainable elsewhere. 

The fact that the Agency in spite 
of this situation has completed one 
uranium transaction and has received 
some enquiries for the supply of en- 
riched uranium, proves that some 
countries at least have recognized the 
advisability of obtaining their nu- 
clear materials from an international 
public agency in which they have a 
seat and vote rather than through 
other channels. 

There are probably given situations 
in which nuclear power even now 
would be fully competitive with con- 
ventional sources and it is likely that 
the Agency will in the very near 
future be associated with the thorough 
pre-investment studies necessary be- 
fore a country embarks upon a nu- 
clear power project. The Agency’s 
function as a supplier of nuclear fuels 
and its role in assisting countries to 
acquire nuclear power are therefore 
far from abandoned; they are only 
delayed because of the realities of the 
current situation. 


President 





1956 figure. At the same time atomic 
energy faces the growing importance 
of oil and new resources of natural 
gas, as well as the construction of new 
tankers and the continued rise of pro- 
ductivity in American coal mines. All 
this means that atomic energy must 
meet fiercer compeitition. Two years 
ago, it was forecast that the price of 
a ton of coal c.i.f. on the European 
coast would be around $18; today, 
American steam coal can be bought 
in Rotterdam at about $14 a ton, and 
the price of imported oil is even 
lower. Most modern thermal plants 
are now able to produce electricity 
for 1:5 mills less than was expected 
two years ago. For a 150 MW reactor 
with a load factor of 75%, producing 
one thousand million kilowatt-hours 
per year, this represents an added 
handicap of 1:5 million dollars per 
year. Furthermore, the _ installation 
cost for nuclear power plants has risen 
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slightly higher than was originally esti- 
mated. 

All these changes have diminished 
the sense of urgency prevailing at the 
time of the Suez crisis. But while 
these changes may require some flexi- 
bility in the time-table, it now seems 
likely that a large part of the US- 
Euratom joint power programme will 
be achieved. In response to the invi- 
tation for proposals issued in April 
13, 1959, five utility groups submitted 
letters on May 29, expressing their 
intention to participate in the first 
phase of the programme. Each of 
these utilities, by October 20, had con- 
firmed this intention. 

As far as long-term prospects are 
concerned, the need for atomic energy 
remains as great as ever. The con- 
sumption of electricity in Western 
Europe keeps doubling every ten years. 
In 1958, our six member countries pro- 
duced 230 thousand million kilowatt- 
hours. For a population nearly equal 
to that of the United States, this 
amounts to less than 4 of the produc- 
tion of the United States. 

While the European University is 
still for the future, Euratom’s nuclear 
research programme is already under 
way. During the first five years, $215 
million will be spent upon it, part in 
the form of research contracts with 
other bodies, and part in the Euratom 
research centre _ itself. Contracts 
already made include one with the 
French Atomic Energy Commissariat, 
for joint work on fusion, one with 
Kema in the Netherlands, and one 
with the Belgian Centre for Nuclear 
Studies. A second fusion contract is 
being negotiated with the Max Planck 
Institute in Munich, and a further 
contract, for work on radiobiology, is 
planned with the TNO in the Nether- 
lands. 


Three centres planned 


The establishment of the Euratom 
research centre, moreover, is making 
good progress. Since an important 
aspect of Euratom’s role in the re- 
search field is to supplement and coor- 
dinate the work of its Member States, 
it has decided not to add further new 
centres to the many that already exist 
in the Community, but to utilize as 
far as possible the facilities already 
set up, in a sense subtracting from 
rather than adding to their number. 
On July 22, 1959, Euratom signed with 
Italy an agreement whereby an im- 
portant part of the joint Centre will 
be settled in the existing research 
establishment at Ispra: other parts are 
likely to be at Petten in the Nether- 
lands and Karlsruhe in Germany. 
Euratom’s expenditure on Ispra will 
amount to some $24 million for faci- 
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lities and equipment and some $15 
million operating expenses up to the 
end of 1962. By that time, Ispra will 
house some 1500 research workers and 
assistants. 

In addition, Euratom is undertaking 
a 100-million-dollar joint research and 
development programme as part of its 
Agreement for Cooperation with the 
United States. Already, some 400 pro- 
posals have been received, of which 
nearly 100 are joint American-Euro- 
pean proposals. This success shows 
that industry on both sides of the 
Atlantic has faith in atomic energy. 
Moreover, the unique features of the 
programme—direct association _ be- 
tween American and European firms, 
joint financing, joint selection of pro- 
posals, and equal sharing of results— 
provide a working model of the kind 
of efficient and intimate relationship 
which Euratom would like to develop 
with all its nuclear partners. 

But the US-Euratom Joint Pro- 
gramme, important as it is, represents 
only one aspect of Euratom’s activi- 
ties. In other fields too it has made a 
good start. Its basic standards for 
health protection against ionizing radi- 
ation were worked out and published 
a little less than a year ago. It is now 
seeking to bring about a harmonization 
of national legislation on this subject, 
as well as to follow through in other 
fields the implications of the basic 
standards. Meanwhile, Euratom has 
set up its own control and security 
systems, to ensure that fissile material 
is not diverted from its stated use. 

In the more directly commercial 


THE WORK OF THE 
EUROPEAN NUCLEAR 
ENERGY AGENCY 


Pierre Huet, 


SINCE THE CREATION of the 
European Nuclear Energy Agency two 
years ago a temporary slowing down 
of industrial expansion, coupled with 
both increased availability and more 
efficient use of conventional fuels 
(notably oil), has led to an easing of 
the pressure for the urgent large-scale 
production of nuclear power. 

Despite these changes, the interna- 
tional work of OEEC in the nuclear 





field, it has established a common mar- 
ket for nuclear materials and for the 
elements necessary to build nuclear 
plant. It is busy perfecting the system 
whereby technical data may be made 
more freely available throughout the 
Community, while at the same time 
safeguarding normal patent rights. It 
is also active in the field of insurance 
against nuclear risk, where it collab- 
orates closely with countries of OEEC. 
In the framework provided by 
OEEC’s European Nuclear Energy 
Agency, Euratom is working with its 
European partners on three important 
joint projects. The first is the Halden 
reactor in Norway; the second is the 
Dragon high-temperature __ reactor 
at Winfrith Heath, England, for which 
Great Britain and Euratom are shar- 
ing 80° of the cost; and the third 
is the Eurochemic Company, for 
which more than 50°, of the capital is 
coming from the Euratom countries. 

Moreover, in addition to the US 
Agreement, Euratom has already con- 
tracted two further international 
agreements, one for cooperation with 
the United Kingdom, on February 4, 
1959, and the other on October 6, 
1959, with Canada, for a joint research 
and development programme cen- 
tered on heavy-water reactors. Fin- 
ally, moreover, Euratom maintains 
close relations not only with such 
bodies as the International Atomic 
Energy Agency in Vienna and the 
European Nuclear Research Centre at 
Geneva, but also with the many pri- 
vate and semi-public organisations 
that are active in this field. 


Director 





field has lost none of its importance 
for the long-term solution of energy 
problems. Already there are signs of 
renewed economic expansion, indus- 
trial activity is again increasing, and it 
is clear that in a few years’ time (be- 
tween 10 and 20 at the most) the coun- 
tries of Europe will be compelled to 
turn to nuclear power for the main- 
tenance of their industrial economy 
and domestic living standards. 
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The three current international pro- 
jects of the European Nuclear Energy 
Agency—Dragon, Eurochemic, and 
the Halden Reactor Project—represent 
in total an expenditure of some £23 
million during the next four to five 
years. This is relatively small com- 
pared with the cost of the national 
nuclear programmes of the OEEC 
Member countries, which total ap- 
proximately £350 million a year, or 
even with the first 5-year budget of 
Euratom which exceeds £70 million. 

Work on the Dragon High Tem- 


perature Reactor Project, originally 
suggested by the British in March 


1958, began last April. Main object is 
to build an experimental 10 MW reac- 
tor at the Atomic Energy Establish- 
ment, Winfrith, and to investigate the 
possibilities of such reactors for power 
production and, perhaps, for propul- 
sion purposes. 

Preparatory design work for the 
Company’s £4 million irradiated fuel 
processing plant, which had been in 
the hands of an ENEA Study Group 
at Mol, Belgium (where the plant is 
being built) came to an end last July 
when the Company itself was form- 
ally constituted. This followed ratifi- 
cation of the 1957 Convention by the 
necessary number of signatory coun- 
tries, representing 80°, of the sche- 
duled share capital. 

Since then the administrative mach- 
inery of the Company has been taking 
shape, the 240-acre site at Mol has 
been purchased, and negotiations for 
the construction of the plant and 
laboratories have begun. The plant, 
which initially will be capable of pro- 
cessing 100 tons of fuel per year, is 
expected to be completed in 1963. 

Early in 1959 Spain, who had for 
some time been associated with much 
of the work of the Organization and 
has since become a full member, joined 
the project. Spain’s participation has 
led to an increase in the capital of 
the Company from $20 million 
(approximately £7-2 million) to $21-5 
million (approximately £7-7 million). 

An important recent development in 
the structure of the Company has been 
the transfer of part of the Belgian, 
French, German, and Dutch holdings 
to private industry in these countries. 
Eurochemic has thus become a truly 
mixed-investment company with both 
public and private capital. 

Health and Safety 

The programme to develop, for all 
Member countries, basic health and 
safety criteria for the protection of 
the population against nuclear hazards 
led, on June 12, to the adoption by 
the OEEC Council of a Decision re- 
quiring Member countries to ensure 
adequate health protection for all per- 
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sons who might be exposed, whether 
occupationally or otherwise, to ioniz- 
ing radiations. Appropriate safeguard 
measures to meet emergencies or acci- 
dents involving these radiations were 
also stipulated. Finally, all countries 
were called upon to report to ENEA 
on their legal and administrative 
measures in this field. 

The Council Decision further re- 
commended that the health protection 
measures called for should be based 
on common norms developed by an 
international group set up by the 
Agency in May 1958, and comprising 
leading radiation experts from the 
OEEC countries and Euratom. These 
norms were themselves based on the 
recently revised recommendations of 
the International Commission on 
Radiological Protection (ICRP). 

A necessary step in controlling the 
radiation dose received by the popu- 
lation is the regular measurement of 
ambient radioactivity and contamina- 
tion in air and water. Monitoring sta- 
tions have been or are being set up in 
most OEEC countries for this purpose, 
and ENEA has initiated an exchange 
plan for the communication and cor- 
relation of data obtained from these 
stations. 


Third Party Liability and Insurance 

ENEA has drafted a European Con- 
vention on third party liability in the 
event of nuclear accidents, and this is 
now in the final stages of negotiation 
between European governments. 

The basic principles of the Conven- 
tion are (1) that the operator of a 
nuclear installation shall be absolutely 
and exclusively liable for damage aris- 
ing out of nuclear incidents connected 
with the installation, (2) that the 
liability shall be limited in amount to 
$15 million (which at present appears 
to be the maximum amount for which 
insurance cover could be obtained) 
for any one incident, (3) that the time 
during which claims can be made shall 
be limited to ten years from the date 
of the incident, (4) that the operator 
shall be bound to provide financial 
security, by insurance or otherwise, 
for his liability, and (5) that a single 
competent court, that of the place 
where the incident occurs, shall decide 
all actions arising from the incident 
and shall have its judgments automati- 
cally enforceable in all OEEC coun- 
tries. Special rules will apply in cases 
of incidents during the transport of 
radioactive fuels and other materials. 

The Convention leaves it open to 
each signatory state, if it wishes, to 
provide for supplementary compensa- 
tion if damage should exceed the limits 
laid down. 


Security Control 

At the same time as signing the 
Eurochemic Convention, two years 
ago, all OEEC Member countries 
signed a Convention on the establish- 
ment of a Security Control designed 
principally to prevent the use of joint 
nuclear facilities for military purposes. 
Following ratification by the necessary 
number of signatories this Conven- 
tion entered into force last July. 

The control system is based on the 
requirement that any undertaking to 
which it applies must keep account of 
all fissile material used, and must per- 
mit its accounts to be verified by in- 
ternational inspectors. Operation of 
the system will be centred in an inter- 
national Control Bureau set up within 
ENEA. Sanctions may be prescribed 
in cases of non-observation of the 
Convention, subject to the right of 
the government or undertaking con- 
cerned to appeal to an international 
tribunal. 


Information 


A very important aspect of the 
work of ENEA is the interchange of 
information. This can be promoted in 
many ways, including conferences, 
symposia and seminars, international 
training courses, and_ international 
working groups and committees. 

ENEA has established many such 
groups from time to time, including a 
top-level Committee on Co-operation 
in the Reactor Field, and the three 
joint projects, the health and safety 
recommendations, and the third party 
liability Convention (to give a few ex- 
amples) are the results of this method 
of working. The recently formed 
European-American Nuclear Data 
Committee, comprising experts from 
the United States, Canada, the UK 
and other OEEC countries, will enable 
collaboration on a much wider scale 
than hitherto on the vast work of 
determining nuclear properties of 
materials, in particular nuclear cross- 
section measurements. 

Recent examples of ENEA-spon- 
sored information conferences and 
symposia were the Stresa (Italy) Con- 
ference on Industrial Prospects in 
Nuclear Energy and the Riso (Den- 
mark) Symposium on_ Technical 
Methods in Health Physics, both of 
which took place last May. 

Less spectacular but nonetheless 
important are the regular information 
seminars organized by ENEA at na- 
tional nuclear research centres in 
Member countries. In 1959, seminars 
for some 50 university professors 
from nearly all the OEEC countries 
were arranged during July at both 
Harwell and Saclay. 
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Following the initial country by country sur- 
vey of the world's nuclear power programmes 
which they made last January, a specially- 
commissioned team of economists and techni- 


cal experts reviews progress made since then 


National programmes in 1959 


AUSTRIA 

A RESEARCH centre is now being set 
up at Seibersdorf, near Vienna. A 5 MW 
pool-type reactor, supplied by AMF 
Atomics, will be in operation in 1960 
and a 30 kW Triga reactor is on order. 
It is proposed that a 100-150 MW 
nuclear power station should be in 
operation by 1965/67; the choice at 
present would appear to lie between a 
UK Calder-type station or a US Bwr. 


BELGIUM 

NO OFFICIAL nuclear power pro- 
gramme has been announced but it 
was envisaged until recently that four 
power reactors might be in commis- 
sion by about 1967 with a total out- 
put of some 550 MW. The first would 
be the 150 MW station under con- 
sideration for the US/Euratom pro- 
gramme, to be jointly owned by the 
Belgian Centre et Sud Group and the 
Electricité de France and sited at 
Givet in the Ardennes (France). This 
would be followed by the further sta- 
tions, including possibly a fast reac- 
tor. On the other hand, the proposal 
for a 150 MW station at Mol to be 
jointly owned by the Interescaut Co. 
and the Limburg Electricity Co. of the 
Netherlands has now been abandoned. 
Total nuclear capacity in 1975 has 
been estimated at 1800 MW. 

At Mol the 50 MW materials testing 
reactor and the 11-5 MWe pressurized 
water reactor, supplied by Westing- 
house, are both now scheduled for 
operation in 1960. 


BULGARIA 


WORK has started at Sofia on a 2 MWt 
research reactor, provided by the Soviet 
Union, and similar to the one now 
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EUROPE 


working in Hungary ; it should be com- 
pleted in 1960. 


CZECHOSLOVAKIA 
THE FIRST nuclear power station in 
Czechoslovakia is planned to go critical 
in 1963 at Bohunice, near Bratislava. 
It will use natural uranium, be gas- 
cooled and will be heavy water-moder- 
ated, but whether it will have a pressure 
vessel or a pressure tube assembly has 
not yet been decided. Various reports 
give its capacity as 100 or 150 MWe, 

This power station is being built with 
considerable help from the USSR ; 
many of the nuclear components will 
be imported, but indigenous uranium 
will come from the Joachimstal mines ; 
there is no record of a Czech heavy 
water plant, and it is unlikely that heavy 
water could be cheaply manufactured in 
Czechoslovakia ; it will have to con- 
tinue to be imported. In these circum- 
stances it is difficult to see how the Czech 
nuclear power programme can ever be 
truly autonomous until, perhaps, the 
very advanced stage of fast breeder 
reactors. 

Nevertheless, the Czech power pro- 
gramme remains an ambitious one, 
though it is now doubtful whether they 
will achieve their aim of having one 
third of their electricity supplied from 
nuclear energy by 1970. 


DENMARK 


NO important developments have taken 
place in 1959, though steady research 
continues at Riso. 


FINLAND 
A TRIGA Mark II reactor is to be in- 
stalled at a site being prepared near 
Helsinki and is expected to be in 
operation before the end of 1960. A 
projected critical assembly is scheduled 


to come into service during the first 
half of 1961 and will use 10% enriched 
fuel. The Finnish Government has 
requested the International Atomic 
Energy Agency to supply the fuel for 
both these installations. 


FRANCE 


THE French nuclear power programme, 
although modest in size, provides the 
nearest immediate comparison with 
efforts in the UK. It is, therefore, all 
the more to be regretted that informa- 
tion about it is difficult to come by and 
frequently contradictory. This point 
was made by a Senator in a recent 
debate in Paris; the Minister for Atomic 
Energy, M. Soustelle, accepted the crit- 
icism, and promised that something 
should be done. 

The part the nuclear power pro- 
gramme is expected to play in the econ- 
omy in the immediate future has changed 
somewhat. M. Soustelle has said that 
electricity from the Electricité de France 
stations now being built (EDF-I and 
EDF-2) will not be competitive with 
electricity from conventional sources. 
As a consequence, more emphasis will 
be placed on perfecting techniques now 
being developed, and on handing on 
this knowledge to French industry. 

This situation is in part due to new 
sources of cheap energy now becoming 
available to France, in particular natural 
gas from Lacq and oil from the Sahara 
(though this latter, because of its high 
petroleum content, poses some intricate 
economic problems). Natural gas from 
the Sahara, via a pipeline through Spain, 
would provide an even cheaper supply 
of primary energy. 

In 1959, for the first time, some in- 
formation was given on economics. It 
transpires that the cost of EDF—1 will be 
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about £M12, and of EDF—2 about £M22. 
This is equivalent to a cost of £170 per 
kW for the 70 MWe station, and £130 
per kW for the 170 MWe station. This 
latter price is in line with the first round 
of UK stations, though EDF-2 will be 
coming on line somewhat later than its 
UK opposite numbers. 

The more interesting information con- 
cerns EDF-3 and EDF-4. The credits for 
these stations have been announced; 
they amount to £M38 and £MSO res- 
pectively. Thus, even assuming that 
there are no further economies of scale, 
and that the price per kW of the later 
stations is the same as of the earlier, on 
this reckoning EDF-3 will have a capacity 
of 300 MWe and Epr-4 of 400 MWe. 
No economies of scale would apply if 
the later stations were virtually two 
reactor replicas of EDF—2, but this is on 
the whole unlikely. More probably, 
improvements will be made, and these 
estimates of capacity might prove to be 
on the conservative side. 

The nuclear power programme re- 
mains Officially unchanged at 850 MWe 
by the end of 1965. Unlike most other 
countries, however, it is difficult to see 
how France can avoid building more 
than the programme allows for. 

The EDF stations, it has always been 
stated, will be built at approximately 
eighteen-month intervals. The gap be- 
tween EDF—-I and EDF-2 has been nar- 
rowed by difficulty experienced in weld- 
ing a 4 in. thick steel pressure vessel: 
EDF-I will not probably now go critical 
until early 1961, a year later than 
planned. 

On these calculations, the French 
Power Programme would be as follows: 





STATION CAPACITY CRITICAL 
Mwe 

EDF-1 70 Jan. 1°61 

EDF-2 170 Jan. 1962 

EDF-3 300 July 1963 

EDF-4 400 Jan. 1965 


Total 940 by 1965 


A total of 940 MWe should, therefore, 
be installed, the last in Jan. 1965. 
Allowing for six months’ commissioning 
and a six months’ delay in construction, 
there would still seem a good chance 
that nuclear capacity in France, includ- 
ing plutonium production reactors and 
reactor experiments, will amount to 
1000 MWe by the end of 1965. 

On longer term plans, M. Perrin, the 
High Commissioner for Atomic Energy, 
has spoken very recently of two 500 
MWe stations to be sited at Marcoule 
and run in conjunction with the French 
diffusion plant. 

The diversification and decentraliza- 
tion of the research and development 
side of the Commissariat a l’Energie 
Atomique’s (CEA) activities which was 
promised, is now becoming apparent. 
The research centre at Grenoble was 


opened early in 1959, with its 1-2 MW 
swimming pool reactor Melusine. 

The CEA have decided to place a 
number of their activities in Provence, 
doubtless because of the attraction of 
cheap power—not to mention the 
splendid surroundings. The plutonium 
production centre is already there, at 
Marcoule, on the Rhone opposite 
Orange. In addition, the French diffu- 
sion plant is to be built, slightly to the 
north, at Pierrelatte, on an_ island 
formed by the Rhone and the feed 
channel to the largest hydro-electric 
power station in France, the Usine 
André Blondel. Finally, the French 
Winfrith, Idaho or Ulyanovsk is to go 
to Cadarache, on the Durance, not far 
from Aix-en-Provence. 


Plutonium Production (Marcoule) 

Last April G-2 started supplying the 
grid with 9 MWe, the first nuclear elec- 
tricity in Western continental Europe; 
G-3 also went critical in July. These 
two reactors are now being worked up 
to their full joint electrical output of 
80 MWe gross or 50 MWe net. Plu- 
tonium production from the chemical 
separation plant is continuing, and 
should ultimately amount to 100 kg per 
annum from the three Marcoule reactors. 
There was a fire during the year in the 
air-conditioning system in this plant, 





but apparently no external damage was 
caused. 


Diffusion Plant (Pierrelatte) 

A little more is now known of the 
projected diffusion plant at Pierrelatte. 
It will initially produce 3% U-235 
uranium only. The feed will be 350 
metric tons a year; this would give 
about 30 metric tons of 3% uranium, 
the precise quantity depending on the 
cost of electricity. 

One of the purposes of the plant men- 
tioned in last year’s review was the pro- 
vision of slightly enriched fuel for naval 
propulsion. Since there is now an agree- 
ment between France and the US for 
the supply of highly enriched material 
for naval use, it seems likely that the 
material from the Pierrelatte plant may 
become available for civil research and 
power. 

Two of the advanced reactor systems 
considered to be of special interest will 
be built on the new site at Cadarache. 
Brenda, a gas-cooled, beryllia-moder- 
ated, enriched uranium reactor will have 
a thermal output of 10-17 MW. The 
sodium-cooled Fast Reactor, Rapsodie, 
will also be going there ; it is planned 
to have an output of IOMWt. No in- 
formation is yet available as to its fuel, 
but the absence of any arrangement on 
this subject with the US, combined with 
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ITALY The first British designed power station is at present under construction at 
Latina where the UK Nuclear Power Plant Company is erecting a 200 MW station 


AUSTRIA Mr. Sterling Cole, Director 

General of IAEA and Dr. Henry Seligman 

on the site at Seibersdorf near Vienna 

where the agency’s laboratory is being 
built 
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ITALY At Saluggia SORIN are now 
operating the first privately owned reac- 
tor, a |MW_ swimming pool type, on 


industrial research for a group of Italian 
companies 






















UNITED STATES This bciling water reactor power station, the world’s first, was 
completed recently at Dresden. Beyond the entrance is the sphere containing the 


350-ton reactor, flanked by the generator and service buildings 





UNITED STATES The core cavity liner 
goes into the 75MW£_ sodium-graphite 
Hallam nuclear power facility in Nebraska 





the coming on power shortly of EDF-1, 
would seem to imply that it will be 
plutonium. 

The installation of the site as now 
planned will be completed by a swim- 
ming-pool reactor Pégase. 

The CEA are also interested in 
developing a heavy water-moderated 
power-producing reactor for the next 
round of EDF stations. A large reactor 
experiment of 100 MWe capacity, EL-4, 
is to be built, and will probably use 
oxide fuel. A plant with a potential 
annual output of 25 metric tons of 
slightly enriched oxide fuel is now in 
production at Saclay; it took only six 
months to build. 


WEST GERMANY 


THE REVISED West German power re- 
actor programme announced in March 
1959 incorporates the earlier plan for 
500 MW of German designed proto- 
types to be completed by 1965. They 
are (1) gas cooled graphite-moderated 
natural uranium, (2) heavy  water- 
moderated and cooled natural uranium, 
(3) light water-moderated and cooled 
slightly enriched uranium, (4) high 
temperature gas-cooled enriched urani- 
um, and (5) organic liquid-cooled and 
probably moderated, to be developed in 
collaboration with a US firm. The pro- 
gramme also includes two power sta- 
tions of foreign design to be imported 
or built under licence by 1965, if re- 
quired on economic or technical grounds. 
Also the development and provision of 
ancillary plant and materials e.g. fuel 
element manufacturing plant and can- 
ning materials is to be undertaken. 
This is a very ambitious programme 
on the time scale proposed and will in- 
volve heavy expenditure and concentra- 
tion of effort. Main responsibility for 
its completion has been firmly placed in 
the hands of German industry and 
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power utilities, with financial assistance 
from the Federal Government. So far 
four groups of power companies and 
two individual utilities are considering 
the provision of power reactors. 


Three design contracts awarded 

In the 500 MW programme three 
design contracts for large power reactors 
have now been awarded, viz. a 100 MW 
heavy water power reactor study award- 
ed by Atomkraft Bayern to Siemens- 
Schuckert ; a 100 MW gas-cooled, 
graphite-moderated reactor by the SK W 
group, Hanover to Deutsche Babcock 
and Wilcox ; and a 100 MW light 
water-moderated reactor also by SKW 
to AEG. Lastly, following the com- 
pletion of the design study, construction 
is about to start on a 15 MW pilot plant 
high temperature reactor at Julich by 
Brown Boveri & Krupp for the AVR 
group for completion in 1962. It is to 
be followed by a full scale reactor. 

Reactors of foreign design include the 
15 MW boiling water reactor under 
construction at Kahl by AEG and GEC 
(US) for RWE and Bayernwerke. Two 
proposals for 150 MW stations have 
been under consideration under the 
US/Euratom joint programme, i.e. 
from the AKS group, Stuttgart and the 
BEWAG company in West Berlin. In 
addition, a collaboration and licensing 
agreement has been signed between 
MAN and the GEC (UK) on the ad- 
vanced gas-cooled reactor. 

A site for a 250 MW nuclear power 
station has been acquired near Augsburg 
by RWE but their present intention is to 
delay purchase until nuclear power is 
economic. 

The cost target for competitive nuclear 
power in West Germany has until re- 
cently been 4 pfennig (0-8d a kWh) but 
with the prospect of the easier conven- 
tional supply position the figure is now 
about 3-8 pfennig (0-75d) a kWh or 





lower. These figures apply to areas 
mainly away from the coalfields, e.g. 
in central and south Germany and the 
Hamburg-Hanover area. The large and 
growing base load and considerable 
interconnexion are factors favourable to 
nuclear power. The expansion of the 
electricity supply industry may be ex- 
pected to continue—output has risen at 
over 10°4 per annum since 1953 and 
total generating capacity as now 
reached about 24,000 MW. On the 
other hand, high capital charges at 
between 10 and 14°% are less favourable 
than in some countries. 

Present indications are that the short- 
term power reactor development pro- 
gramme will not be completed on time : 
the easier conventional energy position 
and the realization of the high cost of 
development have clearly caused some 
postponement. Because of the conven- 
tional fuel position, however, West 
Germany can afford to spread develop- 
ment over a fairly long time scale. On 
the other hand the long-term target of 
6000 MW of nuclear generating capacity 
by 1975 is comparatively modest and 
may well be met. 


EAST GERMANY 


THE first nuclear power station will be 
a PWR situated at Neu Globsow, on the 
Gransee, and is now planned to be in 
operation in 1960. There is some doubt 
as to its capacity ; it seems likely that 
it is in the region of 70 MWe, though 
it might be higher. The conventional 
equipment is being manufactured in 
East Germany, and nuclear components 
are coming from the USSR. 

The design of the station is said to be 
broadly similar to the Russian one at 
Voronezh, though about one third the 
size. It is interesting to speculate why 
this size was chosen : bearing in mind 
the economies of scale of pressure ves- 
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sels, there would presumably have been 
a strong incentive to build a larger 
station. It is possible that the demand 
for electricity was insufficient, but the 
answer might well be, though, that it 
was not possible to transport a larger 
pressure vessel from the Soviet Union ; 
the diameter of the Russian pressure 
vessel was determined by what the rail- 
ways could carry. 


HUNGARY 


A 2 MWt research reactor supplied from 
the Soviet Union is now working at 
Czilleberg, Budapest ; it is light water- 
moderated and fuelled by 10°, U-235. 
Hungary’s increasing energy needs are 
at present largely met by imports of 
crude oil from the USSR but this is 
only regarded as a temporary solution 
and thoughts are turning towards the 
ultimate need for nuclear power. 


ITALY 


THERE ARE now three nuclear power 
stations either under construction or on 
order—the 200 MW gas-cooled graphite- 
moderated reactor at Latina, near Rome; 
the 150 MW boiling water reactor at 
Punta Fiume, near Naples ; and the 
160 MW pressurized water reactor to 
be sited near Milan. It is hoped to 
complete all three stations by 1963. 
With a total of about 500 MW, they 
constitute a major nuclear power con- 
structional programme. All three sta- 
tions are being built by foreign principal 
contracting firms, the first by the UK 
and the other two by the US, but in 
each case Italian firms are undertaking 
some of the work, e.g. some of the civil 
engineering. 

The early decision to import full scale 
nuclear power stations rather than wait 
until Italian industry was ready to de- 
sign and build all or the major part was 
conditioned partly by a wish to learn 
from other countries’ experience but 
also on account of Italy’s energy situa- 
tion. The lack of indigenous fuel, es- 
pecially coal, has long been an important 
factor in the development of the national 
economy, especially the development of 
light industry. Total energy consump- 
tion, which has reached about 50 M 
tons coal equivalent, is still small com- 
pared with the UK, West Germany and 
France. The predicted rise to 63 M tons 
in 1965 and 83 M tons in 1975 will 
necessitate the full development of 
Italy’s main indigenous source of energy, 
i.e. hydro-electricity situated mainly in 
the Alps and Apennines, and also of 
her recent discoveries of oil and natural 
gas. Nuclear power offers promise as 
the alternative to still further imports 
of coal and oil. 

Generating capacity in Italy now 
totalling 17,000 MW is carried out 
mainly by private or semi-Government 
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owned supply utilities. Five companies 
have now been set up to operate nuclear 
power stations. AGIP-Nucleare, set up 
by the Government controlled ENI 
group, now has the Latina station under 
construction by the Nuclear Power Plant 
Co. of the UK. It will be operated by 
the subsidiary company SIMEA (Societa 
Italiana Meridionale per l’Energia Ato- 
mica). AGIP-Nucleare also has an 
agreement with the NPPC on the 
supply of information on the design and 
construction of reactors ; in addition, 
it is considering the installation of a 
pressurized water reactor in North Italy. 
The second company to award a con- 
tract is SENN (Societa Elettronucleare 
Nazionale), for whom the US General 
Electric Company are constructing the 
station at Punta Fiume. In September, 
1959, the International Bank approved a 
$M40 loan towards the cost of the pro- 
ject. It is hoped to obtain fuel under 
the US/Euratom programme. SELNI 
(Societa Elettronucleare Italiana) have 
been granted a credit of $M34 towards 
the cost of their proposed station near 
Milan ; the principal contractor will be 
Westinghouse Electric Corporation. 
Lastly SORIN (Societa Ricerche Im- 
pianti Nucleari), founded by the Fiat 
and Montecatini groups, are considering 
the installation of two 150 MW stations. 
Recently, the five nuclear power com- 
panies set up a joint committee, which 
will provide a useful measure of co- 
ordination of the development of nuclear 
power in Italy. 


Research considerable 

In the meantime, Italy is building up 
nuclear research facilities and is now 
undertaking a considerable programme 
of work. A 5 MW CP-5 reactor 
and | MW swimming pool type are in 
operation and two further research re- 
actors are under construction. The 
research centre at Ispra has already 
reached considerable size. An agree- 
ment has been reached for its lease to 
Euratom, though this has yet to be 
ratified by the Italian legislature. 

No firm nuclear power programme 
has been decided although various tar- 
gets have been proposed. This is partly 
due to the diversified structure of the 
electricity supply industry but is also 
increasingly due to a wish to await 
further information on comparative 
costs of nuclear and conventional power, 
especially the costs of the power reactors 
under construction. Nuclear generation 
in Italy is very sensitive to capital costs 
because of high capital charges at about 
14°. About two years ago, average 
hydro and thermal generation costs 
were about 10 lire (1-4d) per kWh. At 
the present time, however, low freight 
rates have reduced the cost of imported 
US coal to about £5 a ton and modern 
coal fired plant in operation in about 


1962 is now expected to provide power 
at under 8 lire (1-0d) a kWh. Hydro 
construction costs stand now at about 
£130 a kW. 


THE NETHERLANDS 


THE NUCLEAR power evaluation com- 
mittee set up in 1958 by the SEP (an 
association of ten leading provincial and 
municipal power utilities), having exam- 
ined ten designs for a 150 MW station 
provided by UK, US, and French firms, 
reported against the construction of a 
nuclear generating station at the present 
time, mainly on economic grounds. 
However, the SEP have reconsidered 
this decision more recently and may be 
expected to keep open the possibility of 
including a proposal for the installation 
of a 150 MW reactor under the US/ 
Euratom joint programme. Estimated 
conventional generating costs in the near 
future are in the region of 3 cts. (0-75d) 
a kWh in contrast with 4-4 cts. (1-I1d) a 
kWh for nuclear power given in the 1958 
government paper. 

The installation of a 150 MW nuclear 
power station was considered by the 
Limburg Electricity Co. as a joint 
project with the Interescaut Co. of 
Belgium, to be built at Mol, Belgium, 
but this proposal has now _ been 
abandoned. 


It is almost certain that the 1965 
target of 400 MW nuclear capacity pro- 
posed in the 1958 government paper 
will not now be achieved, but this 
appears to be only a temporary post- 





RUSSIA Now at sea, the ‘Lenin’ ice- 

breaker is the first of the world’s nuclear- 

powered ships. It is propelled by three 
pressurized-water reactors 
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ponement in the programme. In the 
meantime, the nuclear research effort is 
going steadily ahead at the major 
Netherlands research centres and in the 
joint programme with Norway. The 
research station at Petten, with its 20-30 
MW materials testing reactor to come 
into operation in 1960, is being leased 
to Euratom. 

Among various factors affecting the 
early provision of nuclear power in the 
Netherlands is the difficulty of accom- 
moduting a station larger than 150 MW 
in the transmission system. Further- 
more, because of the density of popula- 
tion and small area of the country, 
safety, insurance and waste disposal are 
considered particularly important prob- 
lems. 


NORWAY 
A MAJOR undertaking by Norway was 
the design and construction of the 20 
MW experimental heavy water-moder- 
ated natural-uranium boiling water re- 
actor at Halden. The reactor went 
critical in June 1959 and after a period 
of research will provide process steam 
for a nearby wood pulp factory. Fuel 
for the first charge was provided by the 
UK and last year the reactor became a 
joint ENEA project. The second charge 
(enriched) has now been ordered from 
Atomenergie AB of Sweden. 

The next major step in the programme 
will be the provision of an isotope 
production and fuel element testing 
reactor but no plans exist at present for 
the installation of a power reactor. 


POLAND 


THE first Polish research reactor, Ewa, 
was supplied by the Soviet Union. This 
is of the standard USSR export type 
(2 MWt swimming pool). It is now 
running regularly for about 65 hours a 
week at the research centre of the 
Institute for Nuclear Research, at 
Swierk, near Otwock, 15 km outside 
Warsaw. 

The next research reactor will be 
more directly applicable to Polish needs 
in that it will be graphite moderated and 
possibly hydrogen cooled ; however, 
this coolant is known to pose engineer- 
ing problems. There is some discussion 
as to whether the fuel is to be enriched 
and, if so, to what extent. Poland must 
for the time being necessarily depend 
heavily on Soviet aid ; it now appears 
that there is some pressure on them to 
use enriched uranium, which would be 
in line with Soviet power station prac- 
tice, rather than the natural uranium 
they would prefer. A joint materials 
testing reactor project with East Ger- 
many, and possibly Czechoslovakia, has 
been suggested as an alternative. 

Long term plans for natural uranium 
power reactors remain at 200 MW by 
1965, leading to 1800 MW total by 1975. 
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PORTUGAL 

IT IS BELIEVED that hydro resources 
will be broadly sufficient to meet 
estimated demand until about 1975. Con- 
sideration has been given to the installa- 
tion of a 100 MW nuclear power station 
near Lisbon but it was stated some time 
ago that there was no intention toacquire 
a station before 1965 and it would now 
seem that it will be further delayed. In 
addition to its activities in coordinating 
the development of nuclear power, the 
Junta de Energia Nuclear has the 
responsibility for carrying out research. 
It is building up a research centre near 
Lisbon and its first reactor, a | MW 
pool-type supplied by AMF Atomics, 
went into operation in 1959. 


SPAIN 

THE COMPLETION of the 3 MW pool 
reactor, provided by the US General 
Electric Company, at the research 
establishment at Moncloa is planned to 
be followed by a 20-30 MW intermedi- 
ate reactor, providing combined facilities 
for isotope production, fuel element 
testing and power production. The 
third stage would be the completion of 
a large power reactor by 1965. The 
electricity supply industry in Spain is 
owned by private companies, and so 
far, three groups of producers, together 
with industry and financial institutions, 
are giving active thought to the eventual 
provision of nuclear power stations. 


SWEDEN 

DURING 1959 there has been much 
discussion on the date when the first 
large power reactors should be in opera- 
tion. The State Power Board, the largest 
producer (about 50°.) of electricity in 
Sweden, has dropped its plan to buy 
from the UK or US. The other organ- 
ization considering the introduction of 
a nuclear power station is Atomkraft- 
konsortiet, which was set up by private 
power producers and industry, and has 
in the past stated that it plans to have a 
major power reactor in operation by 
1965. AKK already has authority to 
operate a 60 MWe station — its con- 
stituent firms have smaller hydro elec- 
tric reserves than the State Power Board. 
Recently it has been reported that the 
State Power Board and AKK are now 
considering collaboration through the 
joint construction of a 50 MWe US de- 
signed Bwr reactor built under licence 
in Sweden. Government consent for this 
has apparently not yet been secured. 


SWITZERLAND 


THERE are now three reactor projects 
in hand in Switzerland. The government 
subsidized centre, run by Reaktor AG, 
at Wiirenlingen already contains the 1955 
Geneva Conference swimming pool re- 
actor. Its second reactor Diorit is due 


to go critical very shortly. It will have 
initially a capacity of 12-5 MWt. The 
fuel is natural uranium, and the moder- 
ator heavy water. 

The Federal Government also has a 
substantial holding in Energie Nucléaire 
SA, of Lausanne. Plans there are to 
start building a 5 MWe Bwr for com- 
pletion by the end of 1963 ; this will 
be at Luceny, in Canton Vaud. The 
cost is high—about £600 per kWe—but 
it is thought necessary to pay this price 
to get the first hand knowledge neces- 
sary if French Switzerland is to be in a 
position to make and sell reactors in 
later years. 

The same idea lies behind the reactor 
project, Suisatom, of Ziirich, which will 
also be a BwR, 16 MWe, of US General 
Electric Company design. It is to be 
built by a powerful Swiss consortium 
Brown Boveri, Escher Wyss, Oerlikon, 
and Sulzer. A 10°, share is owned by 
Swiss Railways who have also under- 
taken to buy power from it. The station 
will be built near Villigen, on the river 
Aare, starting early 1960, and is due to 
go critical in the first half of 1963. In 
view of the fact that the object of present 
schemes is to train Swiss scientists and 
engineers in new techniques it is per- 
haps surprising that two of the reactors 
to be built will both be Bwrs. 


UNITED KINGDOM 
THE FIVE nuclear power stations with a 
total output of 1875 MW now under 
construction in the UK at a cost of 
about £M250, constitute by far the 
largest constructional programme of 
nuclear generating capacity at present 
being undertaken in any country in the 
world. Together with the 300 MW of 
generating capacity of the plutonium 
production reactors at Calder Hall and 
Chapelcross, these five stations will 
produce electricity equivalent to about 
6M tons of coal a year when all are 
completed. Thenceforward, nuclear 
power can be expected to provide in- 
increasing quantities of energy for the 
national economy. During the past 
year or so, it has become much more 
apparent that the rate of installation of 
nuclear generating capacity in the short 
term, say to 1970, will be dependent on 
trends in conventional power costs: 
but in the long term, it clearly remains 
an important and very necessary ad- 
dition to conventional energy supplies, 
offering the prospects of costs falling 
well below those of conventional power. 

During the past year or so, the 
prospect for supplies of conventional 
fuels has greatly improved. For the 
first time since World War II unwanted 
stocks of coal have been accumulating 
in the UK, as in other European 
countries. There have been a number of 
factors at work: oil consumption, for 
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LOADING MWe form. clad 
APS-1! Oo "54 Moscow (Obninsk) 5 U alloy (up to 5 
— —— = tube, S.S. 
CALDER HALL A & B(UKAEA) O *56-'58 Sellatield, England 140(4) nat U, rod, Ma: 
CHAPELCROSS A & B(UKAEA) O, C ‘S9, “60 Annan, Scotland 140(4) nat U, rod, Ma 
G-2, G-3 (CEA) Oo *58, °59 Marcoule, France 54(2) nat U, rod, Mg 
SIBERIAN power station O, C58, 60 Troitsk, USSR -600(6) nat U, rod, Al F 
EDF-1 (Electricité de France) Cc "60 Chinon, France : 70 ~~ nat U, hollowc 
- ale —— Mg alloy 
BERKELEY (CEGB) C mid’6| ERGomaarn ” ~ 275(2) nat U, rod, Mz 
BRADWELL (CEGB) C mid’6] SGIRRROaaent , ~--300(2)_ nat U, rod, Ma 
HUNTERSTON (SSEB) C June’62 BEWtieeeeeien ty ; ~~: 300(2)- nat U, rod, Ma 
HINKLEY POINT (CEGB) C mid’62 [RRRmuncemacent - ~ §00(2) nat U, rod, Ma 
GRAPHITE TRAWSFYNYDD (CEGB) ¢ @ Trawstnyndd, Wales 500(2) nat U, rod, Ma 
AGR—Advanced Gas-Cooled Cc early '61 BASS eure - 28 UO, (1-25%), pe 
Reactor (UKAEA) 
EDF-2 (Electricite de France) c Chinon, France i 195 nat U, rod, Mg 
BELOYARSK power station ec Urals (Beloyarsk) —=— 100 U (1-3%), S.S. f 
LATINA powerstation(SIMEA) C ‘62  |gaeIneMNIRIN NPP/AGIP 200 nat U, rod, Ma 
HALLAM nuclear power facility C  °63 Hallam, Nebraska — 75 ~ +U/Mo (3%), ro 
(AEC & Consumers’ Public Power 
District) 
JAPAN GCR (Japanese Atomic 62 Tokai Mura, Japan 150 nat U, tubes, M 
Power Co.) 
VOLGA Centre station Ulyanovsk, USSR j ae y 
HTGR (AEC) P 63 LSA HTRDA 40 U 255-Th C 
APPR—Army Package Power Oo April 57 Ragen Alco 2 UO,/S:S. alloy ( 
Reactor (US Army) plates, S.S. 
SHIPPINGPORT(AEC&  O Dec’S7 [RRNMINMIEMEDT West 60 seed: U/Zr allo 
Duquesne Light Co) plates, Zircaloy 
. — ; ___ blan: UO, (nat 
VORONEZH station © 60 Voronezh, USSR 196 UO, (1-5%) pel 
BTR—Belgian Thermal Reactor ; late ’60 Mol, Belgium West 11-5 UO, (4-5°,), S. 
(CEN) 
PM-1 (AEC & US Army) . "60 Sundance, Wyoming Martin ] UO,, tubes. S.! 
GERMAN DEMOCRATIC Cc 60 Rheinsberg USSR , 70 ; 
REPUBLIC 
CONSOLIDATED EDISON Cc ‘él Indian Point, NY kw!” 255. U0,/ThO,(> 
THORIUM REACTOR S.S. 
YANKEE ATOMIC Electric Co. . "6l Rowe, Mass West 110 UO, (3%) pelle 
GENERAL PUBLIC c "61 Saxton, Pa West 5 UO, S.S. 
UTILITIES CORP. 
ENRICO FERMI project (SELNI) C "63 N. Italy West 160 UO, (2:7%) S.! 
ML-1 (AEC & US Army) P Aerojet 0-45 UO,, press-tut 
VBWR—Vallecitos Boiling Water O Aug’5? [mtrtruttnmerliaal GE 10 U0; (> 90%), 
Reactor (GE & Pacific Gas & 
Electric Co) 
DRESDEN (Commonwealth oO late “S9 Morris, Ill 180 UO, (1:S",), re 
Edison) 
RWE—Rheinisch-Westfalisches = 7 Kahl, Germany 15 UO, (2 6%), r 
Electrizitatswerk 
VOLGA Centre reactor Ulyanovsk, USSR 50 UO, (1'5° ), Z 
RURAL COOPERATIVE Power C “61 Elk River, Minn 4 on 22:2. Th/UO, (93%) 
Assn & AEC 
JAPAN BWR (Japanese Atomic . 6l Tokai Mura, Japan 12°5 UO, 
Energy Research Inst.) 
NORTHERN STATES Power Co P 62 Sioux Falls, S. Dak 61-5 UO, (1 6%), pl 
SANTA LUCIA power station P? 62 Santa Lucia, Cuba Mitchell ~ 22 —-—« UO,(3%), pelle 
(BANDES) AMF, GNE 
CONSUMERS POWER CO. 62 Biz Rock Point, GE 50 UO, (slight), pe 
M chigan 
PACIFIC GAS & Electric Co ‘ oa CF 50 UO, (1°9%), pe 
ae = ; Zircaloy-2 
PROJECT ENSI—Energia ’ unta Fiume, Italy GE 150 UO, (2%), Zr 
Nucleare Sud Italia (SENN) 
RIII/ADAM (State Power Board, * 1 Nr Stockholm, ASEA/Atomic Energy lle UO,, pellets, 2 
Stockholm) Swede Co 5St 
CAROLINAS-VIRGINIA , Parr Shoals, DA West 47 UO, (2%), rod, 
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CZEC.. station : Bohunice, Czechoslovakia 150 nat U, rod, Be 





D PROTOTYPES 


FUEL 


type (enrichment) 


form. cladding 


COOLANT 
type. pressure (psia) 


temp (deg C) flow (Ib min) 





J alloy (up to 5%), press. 
ube, S.S. 


at U, rod, M agnox 


at U, rod, Magnox 


H,0, 1420, 190 


CO,, 115, 333 (ex), 33,300 all critical, Pu prod 


CO,, 115, 333 (ex), 33,300 


has operated boiling 


2 critical, Pu prod 





iat U, rod, Mg-Zr alloy 
at U, rod, Al alloy 


iat U, hollow cylinder, 
Mig alloy 


nat U, rod, Magnox 
at U, rod, ‘Magnox 
vat U, rod, Magnox 
iat U, rod, Magnox 
nat U, rod, Magnox 
JO, (125%), pellets, Be 


1at U, rod, Mg alloy 
J (1-3%), S.S. press. tubes 


nat U, rod, Magnox 
J Mo (3%), rod S.S. 


nat U, tubes, Magnox 


U 255-Th,/C 


JO,/S.S. alloy (highly), 
plates, S.S. 


eed : U/Zr alloy (90%) 
plates, Zircaloy-2 

blan: UO, (nat), Zircaloy-2 
UO, (1-5%) pellets, Zr 


UO, (4-5°.), S.S. 


UO.,, tubes. S.S. 


UO,/ThO, (> 90%) pellets, 
S.S. 

UO, (3%) pellets, S.S. 

UO, S.S. 


UO, (2.7%) S.S. 
UO,, press-tubes 


CO,, 210, 350 (ex), 100,000 Pu prod 


H,O 


CO,, 350, 355 (ex), 167,000 Pu prod 


CO, 140, 345 (ex), 381,000 
CO,, 147, 390 (ex) 
CO,, 165, 391 (ex), 354,000 





~ CO,, 200, 375 (ex), 600,000 


CO,, 255,399 (ex) 540,000 
COx, 285, 575 (ex) ; 


CO,, 350, 355 (ex), 167,000 


boiling H,O, 2100, 355 
superheat 1420, 530 


CO,, 197, 390 (ex) 

Na, 61, 507 (ex), 15,450 gpm 
Na, 73, 477 (ex), 14,352 gpm 
CO,, 220,398 (ex) 360,000 


Na, 1280, 500 (ex) 
He,—, 1000 


H,O, 1215, 235 (ex), 27,000 


1 critical, Pu prod Phpiatsit 


3 further stations planned: 
Dungeness (500), Sizewell 
(850), Oldbury-on-Severn 
(1000) 


no containment vessel 
nuclear superheat 


Specially designed to with- 
stand earthquakes 


General Dynamics design 


APPR-1la—twice thermal out- 
put—to be installed in Alaska 
by °60 


H,O, 2000, 272 (av), 377,000 with 2nd core 100 MW 


H,O, 2000, 268(ex), 82,000 


H,O, 1300, 240 (av) 


H,O 


H,O 
N,—, 650 (ex) 


two-region core 


suitable for air transportation 


H,O, 1515, 270 (ex), 900,000 includes oil superheat 
104 MW 


~H,O, 2000, 268 (av), 635,000 with 2ndcoretol135MW 


later up to 225 MW 
suitable for air transportation 





UO, (> 90%), plates, S.S. 


UO, (1-S",), rods, Zircaloy-2 H,O, 1042, 285 (ex), 427,000 


H,O, 1015, 282 (ex), 1330 


direct cycle 





UO, (2 6°.), rods, Zircaloy-2 H,O, 1000, 285 (ex), 4200 


UO, (1° 5%), Zr 

Th/UO, (93%), pellets, S.S. 
UO, 

UO, (16%), plates, Al alloy 
UO,(3%), pellets, S.S. 

UO, (slight), pellets, Zr 
‘UO, (1°9%), pellets, 


Zircaloy-2 
UO, (2%), Zr 


UO,, pellets, Zircaloy-2 
UO, (2%), rod, Zircaloy-2 


nat U, rod, Be-Mg ; 





HO, 1015,286 


H :0 i 


~H,O, 952, 280 (ex), 16,300 


“H,O, 615, 255(ex) 
H,O 
H,O, 1450 


~H4O, 1015, 286 (ex), 174,000 


D,0, 495, 220 (ex), 132,000 


later up to 30MW 


direct cycle, similar elements 
R 


to PW 
includes superheat 16MWe 


also R & D for ship propulsion 


controlled recirculation;super- 


heat (prob. nuclear) 16 MWt 


oil-fired superheat 


direct cycle, later 75 MW 


70 MWt for district heating 





“DO, 1500, 301 (ex), 55,800 


pressurized D,O; prototype 


for 200 MW plant 





CO,, 850, 425 (ex), 210,000 


B20 


TANK 


GRAPHITE 


HIG 
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NRX (AECL) O 47 Ki 
NRU(AECL) CO '57 
EL-3(CEA) _ OO °57 Eire 
DIDO (UKAEA) _ O °56 
HIFAR—High Flux  O °58 
Australian Reactor (AAEC) 

NORTH RHINE— Cc 6l 
Westphalia 

PLUTO (UKAEA) QO S7 


DMTR—Dounreay Materials O 58 
Testing Reactor (UKAEA) 


DR-3—Danish Reactor C 60 
CHINA—Institute of O ’S58 
Atomic Energy 
JRR-2—Japanese Research C ’S9 
Reactor2) ae 
CIR—Canada India Reactor C 60 
FR-2 (Kernreaktor Bau-und- C 60 
Betriebs GmbH) 

JRR-3—Japanese Research P_  ’6l 
Reactor 3 
BROOKHAVEN High Flux P ’62 
Beam Research Reactor 

















MTR—Materials Testing O °52 
Reactor (AEC) 
ETR—Engineering Test Oo Ss 
Reactor (AEC) 

ORR—Oak Ridge Research O 
Reactor (AEC) 

GETR (General Electric Co) O 
WIR AS WUS Frarunrelehiome mend l 
Reactor 
R-2 (AB Atomenergi) Cc *60 
WWR-M (USSR) i 


WWR-Z (USSR) _ cz 


NRITS, Id 





NRIES, 1 











HFR (Reactor Centrum  C_ ‘59 | 
Nederland) 








NASA-TR (National Cc = 
Aeronautics and Space 
Administration) 

BR-2—Belgian CEN : 
ITR (Industrial Testing P ’°60 


ReactorsInc) 
INTERMEDIATE energy C ’6l 


reactor ‘s ©. MR tSR eae a 
JAPAN MTR P63 
BEPO (UKAEA) O °48 





BROOKHAVEN Research O ‘50. 
Reactor (AEC) 

RFT (Institute of Physics, © "Sz 
Moscow) Bi ae 3 
ANTR—Aerojet Nuclear P °60 
Test Reactor 
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PRINCIPAL THERMAL MAX FUEL 
LOCATION TRA TOR OUTPUT NEUTRON type (enrichment) REFLECTOR COOLANT NOTES 
CONTRAC MW FLUX form, cladding 
30 68x10'* nat U,rod,Al . graphite H,O original output 30 M 
200 3x10'%* natU,rod,Al H,O- D,O 
15 all _U (highly) | ______——=dD O & graphite D.O 
HWP 10 10'* ——_—-U/Al alloy plates (90%) Al graphite = D,O 
HWP ‘10 ~=10°* ~——*U/Al alloy plates (90%) Al graphite D20 fewer, larger exp. hole 
ae eee ee ee than DIDO 
“USSR 10. 6x10" ; —— Also in Belgrade 
“AMF ~ 10 #410 U (20%) —— modification of CP-$ 
Foundation _ 30 6-8 x 10%* ei NRX type 
Owner 12 nat U, Th D,O 
Japanese design 10 103 nat U ———, 7 a 
BNL 20 — ee - 7 [ - a 
Fluor Corp 40 5x 10** U/AI alloy plates (93%) Al Be H,O has operated on Pu 
“Kaiser 175 + +%7x10'* U/Alalloy(93%),plates,Al Be = © HO  } © = 
ORNL ~ 20-30 10'* = MTR type ; ~ Be | ~  H,O  —_ Be-moderated 






Owner 
Owner 


ACF 


ACF 


Ferguson 


AGN 


Graphite 447 















critical 


2-4x 10'* U/Al alloy (20-90%) Be, D,O,H,O 






later to 60 MW 





ORR type _ 





10 10** UO,/Al alloy (20%) tube, Al Be 


~ radiochemical researc 
fuel loading than W\ 


~ modified ORR ; 


pressurized 


main British source « 





10 ~10** ——« Us /Al alloy (20%) tube, Al Be & H,O H,O 
“20. #4#.26x10'* MTRtype(90%) Be HO — 
—~—- _S i a 
__ 256 x 10%" UAlalloy (90%) tubes. AL Be HO 
50 
2x10" U(@0o%) © — BeoO HO 
a MTR type (90) ail) oa . 
a Ubars,Al | ___ graphite air 
30 3x 10" MTR type graphite air 





15-20. 18x10" UO,/Al alloy (90%) tubes, graphite H,O H,O 
A 


10 


Nssoid dws} us 






NOTES 


al output 30 MW 




















larger exp. holes 
IDO 











in Belgrade 





ication of CP-5 


type 








perated on Pu 


oderated 


0 60 MW 


type 





hemical research, greater 
vading than WWR-M 


ied ORR 











































for military use. 
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The World’s Reac 


Reactors have been classified by moderator and are shown as either in 
operation (0), under construction (C), or definitely planned (P)—design studies 
and projects are not included. Research reactors no longer in use and those 
built for a specific purpose have been omitted as have power reactors built 








LOW PO 


STATUS and 
FIRST ele ware. 
LOADING 


NAME 
and or OWNER 


X-10(AEC-ORNL) O43 
GLEEP—Graphite Low QO aT: 
Energy Experimental Pile 

(UKAEA) 

BR-1 (CEN) oO Mol, Belgium 
ARGONAUT (AEC) 7 O Lemont, | 
NERO Oo 


nme iarwell, ft ngland 
UTR-10(American Radiator O °58 [fim 

and Standard Sanitary Corp) 
JASON (Hawker Siddeley 
Nuclear Power Co Ltd) 
ZENITH (UKAEA) 
FLORIDA University 
AMF-GNE Educator 


.) 


a0 


SAPHIR "oo 


Oo 
PENNSYLVANIA State oO: “5a 
University s 
NRR—Naval Research O ’°56 
Reactor (USN) 
APSARA (AEC of India) O 756 [RNeE ne 
LIDO (UKAEA) O 7°56 TRGMoieeenr 
FORD Nuclear Reactor O 57 ENinmevann 
(Univ of Michigan) 
HOR (Delft Technical Oo 
University) 
PTR—Pool Test Reactor oO 
VS! ii ws 
iTR (USSR Academy of re) 
Sciences) 


°S7 6[RSietotrosni 


YM Chalk River, Ca 






RIVE Moscow. USSR 


NEPTUNE (UK Admiralty) O °57 [ROI anaenn 
SAO PAULO University O °57 [SQRoininr itty 
FRH (German Society for O ‘58 [XiMERIII ITU @Tontry 
Utilization of Nuclear Energy 

in Shipbuilding & Navigation) 

PISA University __¢ WF 
EWA (Polish Institute for oO °58 
Nuclear Research) — ___ 
MELUSINE (CEA) O °S8 [eheutcm mente: 
TRITON (CEA) C 59 + (eenrrennaertra aera 


France 



























AMF I MW tank 


AMFSMWiank £O °S9 | 





Oak 
Har 


Mol 
Lem 
Har 
Moi 


Slou 





and those 
actors built 


JANUARY 1960 


POWER REACTORS: output is from one reactor unless otherwise stated in brackets; 


coolant temperatures are mainly average in the core unless given as exit values. 


RESEARCH REACTORS: high power reactors are defined as those over 5000 
kWt; neutron fluxes are in n/cm?/s and are for thermal neutrons except in 


the case of fast reactors. 


OW POWER RESEARCH REACTORS 


LOCATION 


Harwell, England 


Mol, Belgium 
Lemont, Ill 

Harwell, England 
Mountain View, Calit 


Slough, En 


tland 


Wintrith Heath, England 


Gainesville, Fla 
Wurenlingen, Switz 
University Park, Pa 


Washington, D¢ 


Trombay, India 
Harwell, England 
Ann Arbor, Mich 


Deltt, Netherlands 
Chalk River, Canada 


Moscow, USSR 


Harwell, England 


Sao Paulo, Brazil 
Nr Hamburg, 


Pisa, Italy 
Nr Warsaw, Poland 


Grenoble, France 


Fontenay aux Roses, 
France 


Battelle Memoria 


nstitute, Ohio 


Germany 


PRINCIPAL 
CONTRACTOR 


Clinton Lab 


CEN /ACEC 
ANL 
Owner 
Owner 


GEC 
GNE 
AMF-GNE 


ORNL/ 
Reactor Ltd 
Owner 


NRL 


Owner 
Vickers 
B&W 


AMF 


Canadair 


Vickers 


CE, & Indatom_ 


Indatom 


OUTPUT 
kW 


3800 
10 


4000 


_ _ 


~ 10 


10 


10 
10 


1000 
100 
100 


1000 
100 
1000 


100 


2000 


1200 
1000 


THERMAL 


MAX 


NEUTRON 


FLUX 


1-12 x 10"* nat U, rod, Al 


FUEL 
type (enrichment) 
form, cladding 


REFLECTOR 


_ graphite 


COOLANT 





3:7x 10'* nat U bars & UO, pellets, Al graphite 


ets 


——. 
10'' 


rok iG- 


10° 


3:2 x 10° 


“~10* 


10'* 
10% 


6°6 x 10" 


nat U, bars, Al 
MTR type 
U (slightly) — 
MTR type 


MTR type 


U/Th, pellets 
U/AI alloy (20°.), plates 


MTR type (20%) 


MTR type 


MTR type 
DIDO type 


U (90%), rod 


UO,/Mgalloy (10%, 


rod, 


U (enr) 


MTR ty pe (20%) 


U (10%), Al 


graphite 


__8taphite _ 


~ graphite — 


graphite 
graphite 
graphite 
H,O 
H,O 
H,O 
H,O 
H,O 
H,O 
H,O 
H,O 


first in UK & still in use 


similar to X-10 











U alloy plates (20%) 


U alloy plates (20%) _ 


MTR type (20%) 


H,O 


deve loped from Argonaut 


Also Nestor at Harwell (P) 
Developed from Argonaut 
or physics of Fi R's 
developed from Argonaut _ 


1955 Geneva Conference re- 
built Seok 
to be increased to 1000 kW 
10** flux 


shielding experiments 


originally on show at Het 
Atoom exhibition; then 10kW 





similar reactors in Czecho- 
slovakia, Rumania, Hungary 
& E.Germany 
Pressurized water, marine 
studies 








four special-purpose pools, 
marine research 











Also in Hungary, Rumania & 
Bulgaria 











19 sold, including Munich (O) 
Athens (C), Tel Aviv (C), . 
Saluggia (O), Lisbon (C), 
Teheran (P), Mayaguez (C), 
Delft (P), Istanbul (P) 


~ Also at Stirling Forest, NY (©), 












yv37" 










oq 0} MOU 








RIII/ADAM (State Power Board, C 62 


























bid 0} sonut Stockholm)  ~_taccr Energy “ UO,, pellets, Zircaloy-2 D,O, 495, 220 (ex), 132,000 70 MV 
oO t 
yi wang CAROLINAS-VIRGIN ——— ————— 
61 pur ps Nuclear Power yore may ° 62 West 17 UO, (2%), rod, Zircaloy-2 D,O, 1500, 301 (ex), 55,800 _pressut 
D,0 —— ; ; ; _ 7 — for 20 
bs ; ; 150 __ fat U, rod, Be-Mg ae: CO,, 850, 425 (ex), 210,000 
, EAST CENTRAL & FLORIDA P ‘43 GNE 50 U (slight) gas high te 
WEST COAST Nuclear Power totype 
Groups 
CANDU (AECL) : irdine, S. Ont 200 nat U D.O based ¢ 
ENRICO FERMI (Power Reactor C , Lagoona Beach, Mich Owner 90 core: U-Mo alloy (27%), Na, 92, 425 (ex), 220,000 
Dev Co) pins, Zr 


Lt : U-238. Mo alloy, pins, Na, 30, 397 (ex), 220,000 





BR_50 Ulyanovsk, 50 Pu ~ Na, —, 480 (av), 128,000 constr 
begin 
tion 


CITY OF PIQUA & AEC ; Piqua, Ohio Al 11-4 U(1-8%), 2 concentric Terphenyl, 120 (max), 
tutes, Al 302 (ex), 92,000 


POWER REACTOR EXPERIMENTS 


STATUS and , NET FUEL COOLANT 
PRINCIPA 
al pg Oe FIRST LOCATION Bact lll OUTPUT type (enrichment) type, pressure (psia) 
anc LOADING MWe ort form, cladding temp (deg C) flow (ib min) 




















G-I (CEA) _ OO 756 =e ene — I'7e nat U, rod, Mg air, atm, 135, 12,700 Pu pro 
SRE—Sodium Reactor Experiment O April 57 BRneasittruremeril Al 6e UU (2-8%), rod, SS. ~~ Na, 21, 515 (ex), 150 ce 
(AEC & S. Calif Edison Co.) ——— a ee 
DRAGON—High Temp. Gas- _ Winfrith Heath, England 10t U-235/Th,rod, graphite He, 165,750 a 
cooled Reactor (UKAEA— ENEA) — a 

GRAPHITE LMFRE-1—Liquid Metal Fuelled P Lynchburg, Va B&W St sine al 


Reactor Experiment (AEC) 



















































































EPGCR-Experimental Prototype P ‘62 Oak Ridge, Tenn “KE-ACF “24e : = : 
Gas-cooled Reactor (AEC) __ a a ae aa . a 7 , 
AVR Kraftwerk ~ Pp 63 Julich, Germany Krupp/ Brown Boveri 15e UC (20%), spheres, graphite He Ne. —, 850 _ experie 
TURRET (LASL) P Los Alamos, N Mex Sandia 3t UNO, /graphite tubes, none He,—, 1300 
LENIN icebreaker (USSR) 180t (2) UO, (5°), Zr alloy or SS. H,O, 2850, 325, 36,670 third re 
full pow 
total di 
PWR PORTABLE Russian plant a. eel MO leiliity @) é = 2e Saas v 
NS SAVANNAH passenger cargo 63t UO," (4%), pellet, S.S. H,O, 1750, 265, 30,000 full por 
vessel (AEC & Maritime Admin.) total di 
EBWR—Experimental Boiling Lemont, Ill 4‘5e U (1-44%), plate, Zircaloy-2 H,O, 615, 255 (ex), 1,010 with 2r 
Water(AEC) : = = ™ sisi cehecianiisiiggaaaa atin eS aan 
ALPR—Argonne Low Power . NRTS, Idaho 0-2e -U/Al alloy (highly), plates, HO, 315, 215, 16,700 packag 
(AEC) ‘ 4t Al-Ni alloy areas 
BWR BORAX-5—Boiling Water ’ NRTS, Idaho I Ze ThO,/UO,, plate, Al-Ni H,O, direct | 
Reactor Experiment (AEC) : ; alloy ; ro 
SUISATOM . . 63 Villigen, Switzerland SE 16 
ENERGIA NUCLEAIRE SA Nr. Lausanne, Se UO, (1-4%), Zr H,O, 482, 250 undergr 
Switzerland 
HALDEN (Institutt for *S Halden, Norway IFA 20t nat U; bar, Al boiling D,O, 570, 230 laereitte 
Atomenergi and ENEA) Paper 
NPD-IIl—Nuclear Power Demon- Des Joachims, Ont Can. GE 19e UO,, Zr, pressure tubes D,O, 1115, 277 (ex), 86,000 dev. fre 
D0 stration (AECL & Hydro Elec. CAND 
Power Comm.) we —_— — — ; = - : 
SULZER project P Zurich, Switzerland Sulzer Bros 30t mostly nat U, Zircaloy, D,O, 850, 220 electric 
pressure tube undergr 
EBR-1—Experimental Breeder Oo *51 NRITS, Idaho ANL 0-2e core: U alloy (93%), rod, S.S. NaK, 28, 318 (ex), 2,030 
Reactor (AEC) : __blan: NatU,SS. ___—NaK, 35, 305 (ex), 2,030 
BR-5 *58 USSR Se core: PuO,, S.S. ~ Na—450 (ex) 130 cu m/h experi 
blan: B-U alloy, S.S. NaK—430 (ex) 130 cu m/h er 
DER. Dounreay Fast Reactor re) 89 Dounreay, Scotland lSe core: L (enr), tube, Nb & Va NaK-—350 (ex), 52,000 change 
FAST (UKAEA) blan: nat U, rod, S.S. NaK-~—-325 (ex), 52,000 comm. 
LAMPRE-1—Los Alamos Molten C *60 Los Alamos, N Mex It molten Pu long-ter 
Plutonium Reactor Experiment 
fan Cc 6l — Se ANL lloy (49%) pinS.S. N 
R-2 (AEC , Idaho I l7e “core: U alloy (49%) pin a, 72, 480 (ex), 58,000 
1 — = ___ blan: depleted U, pin, SS. Na, 78. 469 (ex), 43,000 
RAPSODIE (CEA) 62 Cadarache, France 10t “"U-235 + Pu Na a 
HRE-2—Homogeneous Reactor ; Oak Ridge, Tenn ? St UO,SO,/D,0 (> 90°.) core: DOn soln., 1715, HRE-1 
300 (ex), 3,000 


Experiment (AEC) 


blan: D,O, 1715, 283 (ex), 
1,600 











LAPRE-2-_Los Alamos Power arr Los Alamos, N Mex AS It UPO, (enr), HPO, & H.O LAPRE 
HOMOG Reactor Experiment (AEC) , superhe 
. VOLGA Centre en a ane Llyanovsk, USSR 35t __ UOsir in D,O — D,O boiling 


HOMOGENEOUS SUSPENSION C KEMA _ 0-25 U0. in H,O 
(Reactor Centrum Nederland) ; 
WALTER REED Army Cc 60 Al 50 U0.S0./H.0 — 


Medical Centre treatm¢d 





























OMRE—Organic Moderated oO °S7 NRTS, Idaho Al 5-15t UO,/S.S. ‘bone Terphenyl, 300, 275-375 (ex), 
OMR Reactor Experiment (AEC) _ —— 7 __ plates, S.S. __7.200gpm— ti 
GKSS ship reactor , 63 Interatom for tan 





dwt 





BRENDA (C EA) P Cadarache, France 10-17t enrU gas 
























































00 70 MWt for district heating 








00 pressurized D,O; prototype 
for 200 MW plant 














00 

; high temp pressure tube; pro- 
totype for 200 MW station 
based on NPD-2 cies 

) 

) 

0 construction on BN-250 to 
begin when BN-50 in opera- 
tion 





experience for 1OOMW plant 










third reactor 90 MWt reserve; 
full power 44,000 h.p.; 3 props; 
total displacement 16,000 tpns. 
yt) full power 22,000 h.p.; 1 prop; 
total displacement 21,840 tons. 


010 with 2nd core 100 MWt 

) packaged plant for remote _ 
areas 
direct cycle; Borax 1,2,3 & 
4 dismantled 


underground 


produces steam ‘for local 





paper mills 
86,000 dev. from NPD-1. Pilot for 
CANDU 


I 


electricity or district heating; 


underground 
030 
030 
m/h experience for BR-50. 
u m/h 


change to Na 18 months after 
comm. 





long-term project 


—-_— 
i ae 
715, HRE-! dismantled 1954 
3 (ex), 






H,O LAPRE-1! dismantled 1957 
superheated steam direct 


__boiling cycle _ 





for medical research and 
treatment 


-375 (ex), 





for tankers up to 40,000 tons 
wt 


under construction 


Graphite 2973 





UK 2183 


National programmes— 
MWe critical, under construction 
and definitely planned 


USA 1128 


ABE 


A-C—Allis Chalmers Mfg. Co. CEA—Commissa 


ACEC—Ateliers de Constructions Electriques CEGB—Central E 
de Charleroi. CEN—Centre dE 

AEC—United States Atomic Energy Com- de l’Energie N 
mission. EE—English Elec 


AECL—Atomic Energy of Canada Ltd. ENEA—Europea 
AEG—Allgemeine Elektrizitats Gesellschaft. FW—Foster Whe 
AEI-JT—AEI-John Thompson Nuclear Energy GE—General Ele 
Co. he . 
AGIP—Agip Nucleare. ee ae 
AGN—Aerojet General Nucleonics. tung in Schif 
AlI—Atomics International. GNE—General 
AMF—AME Atomics. HTRDA—High 
ANL—Argonne National Laboratory. +" an 
APC—Atomic Power Constructions Ltd. ; HWP Head WwW , 
BANDES—Cuban National Bank for Social wan 
and Economic Development. JENER—Joint 
BNL—Brookhaven National Laboratory. ment for Nucle 
B & W—Babcock & Wilcox Co. Ltd. KE—Kaiser Eng 


UK 2183 


g. Co 
nstructions Electriques 


tomic Energy Com- 


of Canada Ltd. 
rizitats Gesellschaft 
pson Nuclear Energy 


Nucleonics. 


il Laboratory. 
nstructions Ltd 

pnal Bank for Social 
pment. 

bnal Laboratory. 

‘ox Co. Ltd. 


BWR 195 


Rest of Europe 74 
E 


Ge 7 
2O rT ry 
Many 


USA 1128 


ABBREVIATIONS 


CEA—Commissariat a l’'Energie Atomique. 
CEGB—Central Electricity Generating Board. 
CEN—Centre d'Etudes pour les Applications 
de l’Energie -Nucléaire. 
EE—English Electric Co. Ltd. 
ENEA—European Nuclear Energy Agency. 
FW—Foster Wheeler Corp 
GE—General Electric Co. (of America). 
GEC—The General Electric Co. Ltd. 
GKSS—Gesellschaft fiir Kernenergieverwer- 
tung in Schiffbau und Schiffahrt mbH. 
GNE—General Nuclear Engineering Co. 
HTRDA—High Temperature Reactor Develop- 
ment Associates Inc. 
HWP—Head Wrightson Processes. 
JENER—Joint Dutch-Norwegian Establish 
ment for Nuclear Energy Research. 
KE—Kaiser Engineers. 


definitely planned 


Graphite 


This chart, copyright NUCLEAR 
POWER, was published in the 
January, 1960, issue. Copies 
are available at 2/- (post free) 





REACTORS “a TER as | 


NUCLEAR POWER is published monthly. Annu: 
(UK) or £3.3.0 (overseas). Special reduction for s 


Muir Publications Ltd., 3 Percy St, 


LASL—Los Alamos Scientific Laboratory. 
NDA—Nuclear Development Corporation of 
America. 
NPPC—Nuclear Power Plant Co. 
NRL—Naval Research Laboratory. 
NRTS—National Research Testing Station. 
ORNL—Oak Ridge National Laboratory. 
SC—Simon-Carves Ltd. 
SELNI—Societa Elettronuclear Italiana. 
SENN—Societa Elettronucleare Nazionale. 
SIMEA—Societa Italiana Meriodionale En- 
ergia Atomica. : ; 
SORIN—Societa Ricerche Impianti Nucleari. 
SSEB—South of Scotland Electricity Board. 
UKAEA—United Kingdom Atomic Energy 
Authority. . 
VICKERS—Vickers Nuclear Engineering Ltd. 
VITRO—Vitro Engineering Co. 
WEST—Westinghouse Electric Corp. 
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AMF 1 MW tank 1000 6°6 x 10 







AMF5MWtank oO °59 








SPANISH Nuclear Energy O °58 SMVRQIICMNrTT 


Board 


CURTIS-WRIGHT Corp O ‘58 (@}tainnreea 






BABCOCK & WILCOX Lynchburg, Va 
Atomic Energy Division 


MERLIN (AEFI Ltd) 5 Aldermaston, England wner 5000 5x 10 


TAIWAN National Tsin- Taipei, Taiwan 


Hua University 
WASHINGTON STATE Cc Pullman, Wash 
College = 
ORDNANCE MATERIALS C Watertown, Mass 
Research Office 





























CORNELL University = C__ Ithaca, NY 
VIRGINIA University ~ Charlottesville, Va 
NORTH CAROLINA Cc Raleigh, N¢ 

State College 









ALIZE (CEA) ed A P Saclay, France |Caratom < _ 


AGN 211 ee Several under constr. AGN — 1-100 W 2:5 x 14 
AGN 451 10° or 


1 or 100 












































ZEEP—Zero Energy Oo Chalk River, Canada 
Experimental Pile(AECL) 
EL-1 (ZOE) (CEA) Oo Fontenay aux Roses, 
ae ee France a 
TR(USSR) a Oe inst. of Heat Tech, USSR Saas 
JEEP (JENER—Dutch O Kjeller, Norway Institutt for 


Norwegian Joint Establish- 
ment) 


Atomenergi 











EL-2 (CEA), ae O °52 Saclay, France 
CP-5 (AEC) O °54 Raita 
RI (AB Atomenergi) O °S54 BEXWSSioiieeccan 





























DIMPLE (UKAEA) __ O 754 SRRRSieencrnun 

MITR (Massachusetts O 7°58 Keita ets 

Institute of Technology) 

PRR—Pawling Research O °58 Btanrane¢ 

Reactor (NDA) 

ISPRA-I (CNRN) O °S9 Ispra, Italy = 5000 8 x 10"? 
DIORIT (Reactor Ltd) C °S9 BMA aes 

ZED-2 (AECL) C '60 SSRIS NS a@turnr 

TENNESSEE University _—P_—s'60 Io 

GEORGIA Institute P ’61 ienemmerosan 


T echnology) 


LITR—Low Intensity Test O °SO MOR Vai atic rain 
Reactor(AEC) 
WWR-2 (USSR Academy O °56 BUSS 
of Sciences) ——. 
OWR—Omega West Reactor O °56 [OSB Pinecmm mula 





(AEC) 

LPTR—Livermore Pool O °57 Qiteneiomenn 
Type Reactor(AEC) 

NEUTRON SOURCE O °58 HURiteum. 


Reactor(AEC) 
DR-2—Danish Reactor O °58 GRahemeetonnries 
MRR—Brookhaven Medical O °59 Upton, NY Daystrom 1000 ~10!! 
Reactor (AEC) 


SANDIA—Engineering P ‘60 [EXHRin nro mio Sandia Corp 5000 
Reactor Facility (AEC) 


































ZEPHYR See: las Harwell, England msi : _ = er 
BR-1 oO. USSR ia sain aaa al 
BR-2 Oo USSR 10'* 
SUPO (AEC) _ O50 —FRSINERISSEme CASE ST X10 
WBNS—Water Boiler es Santa Susana, Calif Al type AE-6 2 ~10'* 
Neutron Source (AEC) | a ing 
LIWB—Livermore Water O °53 QRSiecmertn AI type L-3 0-5 2x 10"° 
Boiler(AEC) | _ a va 
APR (Armour Research O °56 [aire Al type L-8 100 

Foundation) —s = a = ecko . 
RRR—Raleigh Research O °S7 [eigrmmnte Owner 0-5 2-5 x 10? 


Reactor (North Carolina 
State College) g Ae _— 
DR-1—Danish Reactor Oo Risé, Denmark Altype L-55 __ 0°5 


AI type L-54 O °57 BrOeteutiemernrn = 50 






















~ 13x 108 














Alpe L277 A OO 2x IO 
HAZEL (ZETR-ID O °S8 BRRINUiesurue — ~10° 
(UKAEA) 

AGN 201 : Some 25 under constr 0-1-20W 10*-10'* 
TRIGA Il Several under constr. 10-100 4x 10'* 













IRGA _ 
REGA 10-30 


10 ~~ 10" 
10-3010" 





66 x 10" MTR type (20%) 19 sold, including Munich (O) 
Athens (C), Tel Aviv (C), : 
Saluggia (O), Lisbon (C), 
Teheran (P), Mayaguez (C), 
____ Delft (P), Istanbul (P) 
MTR type Also at Stirling Forest, NY (C), 
___ Vienna (C) 
Also in Venezuela (C) 





Also Chulalongkorn Uuiv., 
Thailand (P) 


5000 Ske DIDO type (93°%) Also Herald at AWRE, 
Aldermaston, and at Julich, 
Germany 


1000 U (20".) 
ae 
“1000 — ———— ~ HO 
HO .7+}7|[ .H,O~ 
~ 1000 : HO —~*#HO 
10 H:0 H:0 


—_ eS -~ pe a * 
1-100 W 25x 10* UO,/polythene __ graphite H,O Sie 
lor100 10*or 10'* UO,/polythene graphite/H20 H,O two cores available 


0°100 10° nat U, Al graphite D,O 


10'* nat U, rod, Al graphite D,O 


itutt for 500 2-2x10'* nat U, rods, Al graphite D.O 
menergi 


2500 2:5 x 10** U (2%) annular : D,O& graphite D,O pas: originally 500kW 





2000. 10" ss nat U ; ~___ graphite | 


ma el Z : a pe ‘CO; at 7 atm ; 
2000. ~10'* MTR type _____—dD,O0 & graphite D,O 


___ 10" —_snatU,rods —————sgraphite ~— air 
= wie a 


~ 1000 ~~ MTR type ~ D,O & graphite 


5Ww ~10' MTRtype graphite, = DO — can operateat100W — 
Masonite 

5000 8 x 10" MTR type (20”.,) graphite modified CP-5 

12C0 2x10** natU,rod,Al graphite a 

0°100 UD, rods graphite D testing U fuels 

10 

5000 





3000 3x 10"? MTR type 

3000 4x10'*  U (10%), cylinders, Al Originally 300 KW 
1000 MTR type 7 errr 
1000 


100 





5000 ~ graphite 
strom 1000 ~10"" MTR type graphite 


dia Corp 


~10° Pu, rod, Ni blan: nat U 
: Pu, rod, s.s. blan: U 
10'* Pu, rod, s.s. blan: U 








1:7 x 10'* UO, SO, (90%) : graphite _ : a 
~10'° UO,S0,/H20 (90%) graphite +o eae at Downey, 





2x10** UO,SOs (90%) graphite 


2-5x 10'? UO,.SO« (90%) — graphite 





UO,SO.4/H,O (20%) graphite 
1-3 x 10'* UO,SO,4/H,O (20°) graphite i i 
W Berlin (O), Milan (P) 





2x10" UO,SO./H,O (20%) lead 
—~10* Uranylfluoride (90%) graphite 





0-1-20W 10%-10'* _ U (20%) in radiation stabilized polythene = id 
10-100 4x10" U/ZrH alloy (20%) plates, Al graphite H,O Zirconium hydride mod- 
erator; TRIGA I below 
_ground 








10 10°" «UU /ZrH alloy (20%), Al__ 


graphite 
graphite 





10-30 10° © U/ZrHalloy (20%), 
cylinders, Al 








RUSSIA at the Nuclear Research In- 

stitute in Dubna the 9 GeV synchrotron 

is controlled from the command desk in 
the centre of this room 





UNITED KINGDOM The 15 MW fast reactor at Dounreay, which started 
up in November, is now undergoing extensive tests 


RUSSIA The sign ‘Atom for Peace’ in three languages, Russian, English 

and French, is lit up on the roof of 70/11 Lenin Avenue in Moscow. 

Here shortly, a show ‘isotope’ shop will be opened for the sale of 
radioactive isotopes and protective equipment 


UNITED KINGDOM At Windscale 
struction of the 28MW Advanced 
cooled reactor, prototype for the 
power stations to be built in the 

1960’s, is now well under way 





example, in the UK has risen sharply— 
black oils (fuel and diesel oil) alone from 
11M tons coal equivalent in 1954 to 
23M tons in 1958—and fuel efficiency, 
in part due to the switch to oil, has risen 
more than was expected. At the same 
time the index of industrial production 
remained steady between 1955 and 1958 
and a world surplus of oil production 
has reduced the risk of an interruption 
of supplies for political reasons. Then, 
in sharp contrast to oil, coalconsumption 
actually fell by 15M tons a year between 
1954 and 1958. 

Even if industrial production con- 
tinues to pick up sharply, there appears 
now to be no prospect of an energy 
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shortage for some years. Indeed, the 
coal industry has recently been forced 
to recognize future growth of spare 
capacity; its new investment plan is 
designed to maintain output at 200- 
215M tons per annum, instead of pro- 
viding a planned increase to 240M tons 
in 1965. Total energy requirements in 
the UK, which remained at about 250M 
tons coal equivalent during 1955-58, 
are now expected to rise to perhaps 
280M tons in 1965, instead of the 290- 
300M tons forecast in 1955. The 
‘energy gap’ which nuclear power has 
been called upon to fill now appears to 
have receded. 


The latest published plant pro- 


grammes of the Electricity Boards 
provide for 2125 MW of nuclear 
generating capacity in commission by 
the end of 1964. In order to achieve the 
1966 target of 5000-6000 MW, it will be 
necessary to increase substantially the 
rate of ordering new stations during 
the next two years. 

Whereas it was estimated in the 1955 
White Paper that generating costs of the 
first nuclear power stations operated on 
base load would be about the same as 
coal-fired stations (about 0-6d a kWh), 
it now appears that their costs will be 
higher than those of modern coal-fired 
plants. A number of important factors, 
which in 1955 were especially favourable 
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HOLLAND Built by the shore of the North Sea this 20 MW materials 
testing reactor forms the centrepiece of ‘Reactor Centrum Nederland’ 
the Dutch research centre 


NORWAY First boiling heavy water reactor in the world, 
the internationally operated Halden reactor (right) has 


started up in 1959 








to nuclear power, have changed ad- 
versely. The rate of interest paid by 
public utilities has moved from 4°, to 
over 5°%%; rising prices have affected the 
capital cost of nuclear plant more 
than coal-fired plant because nuclear 
capital costs per kW are proportionately 
higher than coal-fired plant; the pluton- 
ium credit has been considerably re- 
duced, partly consequent upon the 
greater availability of cheap US uranium 
235; and coal-fired plant design has 
advanced markedly while coal supply 
prospects are much easier. As a result 
of the changes, the estimated generating 
costs of stations of the latest design are 
0-65-0:7d a kWh at 75% load factor. 
The competitive cost requirements of 
the next nuclear power stations are 
illustrated by the cost bracket for coal- 
fired stations of the most modern design, 
ranging from 0-5d a kWh for stations on 
the coalfields to 065d a kWh for 
stations away from the  coalfields. 
(Transmission costs by 275 kV line are 
about 0:04d a kWh per 100 miles.) 
Most new coal-fired plant, however, is 
now being built on or near the coal- 
fields or near London. Cost require- 
ments to be met by nuclear plant are 
therefore biased towards the lower end 
of the range, i.e. about 0-55d a kWh. 


It should be pointed out, however, that 
these estimates make no allowance for 
any resumption in the upward trend in 
the real price of coal—between 1948 and 
about 1957 an annual increase of over 
1°, took place. A rise may well start 
again, though it may be less steep as 
mechanization of the mines increases 
the proportion of small coal produced. 
A further fall in capital costs per kW 
of magnox reactors can be expected 
from developments such as thicker plate 
for pressure vessels, higher coolant gas 
pressures, higher thermal efficiencies and 
general engineering design improve- 
ments. A fall of some £10-15 a kW may 
be achieved. Furthermore, there is a 
prospect of lower fuel costs resulting 
from the reduced uranium prices ex- 
pected in the future. Together these 
factors may result in a fall in generating 
costs by as much as 15%. Moreover, 
during the operating life of the stations 
it may be possible to achieve higher 
burnups than the 3000 MWD /t target. 


AGR will test stainless steel 

The 28 MWe reactor experiment 
under construction at Windscale is due 
to come on power in 1961; it will test 
fuel elements canned in both beryllium 
and stainless steel. The higher heat 


FirstjStations7of the UK nuclear power programme 





STATION OUTPUT MWe ON POWER DATES 
REACTOR | REACTOR 2 

Bradwell 300 mid 61 late 61 Under construction 
Berkeley 275 mid 61 early 62 Under construction 
Hunterston 300 1962 1963 Under construction 
Hinkley Point 500 mid 62 late 62 Under construction 
Trawsfynydd 500 1963 1964 Under construction 
Dungeness 500 1964 1965 Ministerial consent 


given. Tenders invited 


ratings and thermal efficiencies possible 
with the system indicate that capital 
costs of about £80—90 a kW, inclusive of 
Electricity Board charges, and gener- 
ating costs of about 0-5d a kWh may 
be expected in commercial stations. As 
an alternative, the AEA are also con- 
sidering the possibility of a steam- 
cooled reactor with heavy water mod- 
eration. It is expected to have similar 
cost characteristics to the advanced gas- 
cooled reactor. The fast reactor experi- 
ment at Dounreay, which went critical 
in November 1959, represents a first 
step towards the hoped-for fast power 
reactors generating at 0-4d/kWh. The 
high temperature gas-cooled reactor 
also offers the prospect of low capital 
costs and low fuel costs because of long 
burnups and a high conversion ratio. 
At Winfrith, the zero energy reactor 
Zenith is being brought into operation 
and construction of the 10 MW reactor 
experiment (the Dragon joint project of 
the OEEC European Nuclear Energy 
Agency) will begin early in 1960. 

The likely pattern to emerge of 
reactor systems in the nuclear power 
programme will be governed closely by 
the supply and demand for fissile 
material. Plutonium from the early 
stations of the nuclear power pro- 
gramme will notstart to become available 
in quantity until the later 1960s. New 
diffusion plant and/or supplies from the 
US may well be required to meet U-235 
demand. A balanced programme of 
different systems is therefore likely with 
some systems drawing from the fissile 
material pool and others contributing to 
it. The size of the nuclear power pro- 
gramme during the 1970s becomes 
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more difficult to estimate. The White 
Paper of 1955 suggested an upper limit 
of 15,000 MW installed by 1975 but 
subsequent forecasts have given figures 
up to 30,000 MW. More stringent 
economic requirements may well bring 
installed nuclear capacity back towards 
the original estimate. 

The general delay in overseas coun- 
tries’ nuclear power programmes has 
been reflected in the lack of further 
export orders from Britain, following 
the contract for the 200 MW station at 
Latina, Italy, and the expected contract 
for a 150 MW station in Japan. Medium 
sized reactors suitable for export are 
one of the aims of the AEA reactor 
research programme. These may also 
have application for nuclear ship 
propulsion. In the latter case, the aim 
is to build an economic ship as soon as 
possible—the development of a suitable 
reactor type is likely to take some time 
and construction therefore cannot be 
expected to start in the immediate 
future. 


RUSSIA 


THERE ARE SIGNS that in the Soviet 
Union also the competitive cost position 
of nuclear electricity is not as good as 
it was thought to be a year ago. Then, 
it was confidently expected that it would 
prove possible to build nuclear power 
stations in areas remote from rivers with 
good hydro-electric potential and from 
cheap coalfields, and that these stations 
would generate electricity as cheaply as 
it could be generated from fossil fuel 
transported over long distances. In 
practice, it was recognized that such an 
ideal location of nuclear plants would 
not be possible. Because of their size 
they would have to be located either 
near transmission lines or near centres 
of considerable demand; inevitably, 
however, these centres tended to be in 
areas of cheap power. It was expected, 
however, that the cost of power in these 
areas would increase more rapidly than 
in other parts of the Soviet Union. 

Last year it was hoped that power 
from the first 100 MWe stage of the 
600 MWe natural uranium, graphite- 
moderated, water-cooled power station 
in Siberia would be producing electri- 
city at 20-25 mills, compared with a 
national average cost of about 20 mills. 
It appears from published information, 
however, that this station is optimized 
for producing plutonium, so that its 
electricity may well be costed as a by- 
product. However, the aim of any 
nuclear power programme must surely 
be to meet the cost of the best alterna- 
tive supply to the same consumers, and 
it is significant that what appears to 
have been a substantial revision of the 
USSR nuclear power programme has 
taken place in the last year. 
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Last year’s review mentioned a power 
programme of 2000 — 2500 MW by the 
end of 1960, and doubt was expressed 
as to whether, on their then present 
showing, it was at all likely that this 
could beachieved. However, the Director 
of the Central Organization for Atomic 
Energy, Academician Emelyanov, 
had reiterated before questioners at 
Geneva that this remained the Soviet 
Union’s programme, and they intended 
to see it fulfilled. 


Building cut by half 

This programme has now been put 
back by five years and the building 
programme cut by more than half. To 
a certain extent this cut can be attributed 
to pressures external to the nuclear 
power situation. One of the interesting 
revisions made when the 1959-65 seven 
year plan was announced early in 1959 
was to change the emphasis in electricity 
generation from hydro-electric to fossil 
fuel stations. This marked part of a 
general turning away from investment 
in industries where capital charges form 
a high, to those where they form a low, 
part of total cost. Pressure on capital 
resources having increased, capital in- 
vestment was centred on those items 
which would give quick returns. This, 
in the circumstances facing the USSR, 
would appear reasonable; quicker re- 
turns on capital permit an even more 
rapid rate of growth, or, as is more 
likely in this case, one less painful for 
the consuming public. A corresponding 
decision in a capitalist country would 
be to have a high rate of interest, appro- 
priate to rapidly expanding economy 
with a high rate of return on investment. 

This change of emphasis is shown in 
the statement made by the Soviet Minis- 
ter of Power Stations Construction, I. T. 
Novikov, to the 21st Congress of the 
Communist Party of the Soviet Union: 
‘During the seven year plan a number 
of large nuclear power stations will be 
built. The accumulation of building and 
operating experience during these seven 
years will put us in a position to know 
how to optimize each reactor system 
used, both technically and economically ; 
we shall thus know which system is best 
suited for industrial use, and what 
prospects nuclear power will have in the 
Soviet Union’. What a year ago ap- 
peared as a nuclear power programme 
has now become rather more akin to 
a reactor demonstration programme, 
along American lines. 

It now appears that, of the Pressurized 
Water Reactor Programme, only one of 
the two 210 MWe reactors at Voronezh 
will be built. The second pwr station, 
to have been at Leningrad, has been 
postponed pending operating experience 
of the Voronezh station. It is now 
believed that the electricity from the 
Voronezh station will cost substantially 


more than the electricity from a con- 
ventional station. 

Judging from what has been pub- 
lished about the design, this is likely 
also to be the case with the Beloyarsk 
Boiling Water Graphite moderated sta- 
tion. The system used here is a develop- 
ment of the Obninsk reactor, in turn a 
development of plutonium producing 
military piles. There is one reactor at 
present scheduled for completion in 
1961, instead of four. It is graphite 
moderated, water-cooled and uses 
slightly enriched uranium. Steam is re- 
circulated through the hottest part of 
the reactor and superheated. The fuel 
elements are robust and stainless steel 
canned; neutron economy is therefore 
likely to be poor. This, combined with 
the nuclear superheating (ruled out on 
economic grounds in the Consolidated 
Edison 250 MW pwr and the AEC, 
Rural Cooperative Power Association 
26 MW Bwr), would seem certain to 
make electricity from this system costly. 
Little is known about USSR costs of 
U-235, but they can hardly be lower 
than US prices. The implication is, 
confirmed by a recent report, that reac- 
tor designers did not take account of 
the price of U-235 when planning their 
plants; their aim was to achieve specific 
technical ends. 


Fast reactors falling behind 

There remain the Siberian plutonium- 
optimized stations, planned to have an 
electrical capacity of 600 MWe from 
six reactors. The first of these came on 
line in September 1958; nothing has 
been heard of them since. Presumably, 
however, these reactors will not be 
affected by economic considerations. 

The plans for the Ulyanovsk Reactor 
Testing Station remain unchanged; four 
reactors are to be built there. They will 
be a 50 MWe Fast Reactor (BR-—50), a 
sodium-graphite reactor and a Bwr, 
also of SO MWe caapcity, and a 35 MWt 
homogeneous heavy water/uranium ox- 
ide reactor. The Bwr and homogeneous 
reactor were being built last year; 
nothing further has been heard. It is 
not clear whether the sodium-graphite 
reactor (probably a development of the 
Beloyarsk reactors with sodium instead 
of water cooling) is being built or not. 
The only reactor about which anything 
further has emerged, BR—5O, indicates 
that detailed design work has not yet 
started; no date for completion is now 
mentioned. 

This implies that the Fast Reactor 
Programme, upon which some emphasis 
was placed at the 1958 Geneva Con- 
ference, is not expected to progress as 
fast as was at one stage believed. BrR-S, 
the 5 MWt fast reactor which went 
critical in July 1958 remains the most 
advanced facility in the Soviet Union, 
Fuelled with 50 kg plutonium oxide and 
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USSR Reactor Building Programme 


IN DECEMBER 1958 


IN DECEMBER 1959 





LOCATION POWER (MW) DATE LOCATION POWER (MW) DATE 
Obninsk 5 1965 Obninsk 9 1954 
Voronezh 420 1960 Voronezh 210 1961 
Leningrad 420 1960 Leningrad Shelved 
Beloyarsk 400 1960 Beloyarsk 100 1961 
Siberia 600 1960 Siberia 100 1958 
Ulvanovsk site 150 1960 Ulyanovsk site 150 1963? 
1,995 565 
Possible Further Siberian 
Moscow 400 reactors 500 
2,395 1,065 


Programme: 2000-2500 MW by end 1960 


cooled by sodium, it is the only un- 
moderated plutonium power reactor in 
the world. This remains significant 
since all current fast reactor work, both 
in the UK and the USA, is directed to- 
wards developing the plutonium, U-238 
cycle; the use of U-235 represents only 
an initial stage. 

Though not strictly part of the 


NORTH 
ARGENTINE 


BUILDING of conventional plant con- 
tinues on a substantial scale. Lord 
Chandos, when he went to open a 600 
MW plant built by UK Associated 
Electrical Industries Ltd., advised de- 
laying the introduction of nuclear power 
until its real capabilities, both technical 
and economic, were better known. 


BRAZIL 


THE QUESTION of a study of the 
possibilities of introducing nuclear power 
in Brazil has been under consideration in 
the International Atomic Energy Agency. 
A power bilateral has been signed with 
the USA and a Triga reactor (30-100 
kW) is to be built at the University of 
Minas Gerais, at Belo Horizonte. 
Several local government authorities 
have already invited proposals from 
UK and US companies for small nuclear 
power stations. 


CANADA 


SINCE IN many parts of the country 
power is probably cheaper than in 
any other industrial country, Canada 
has the greatest distance to travel be- 
fore nuclear energy can compete eco- 
nomically. 

Having cheap heavy water, but not 
finding a diffusion plant justifiable for 
its need, Canada is still concentrating 
on the natural uranium, heavy water- 
moderated system. As it uses a once 
through fuel-cycle (plutonium is not 
recovered from irradiated elements) 
consumption of uranium is naturally 
high compared with other systems ; 
this has attractions to Canada as a 
major uranium producer. 
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Programme: 2000-2500 MW by end 1965 


USSR nuclear power programme, the 
commissioning in mid-September of the 
ice-breaker Lenin was probably the most 
important single event in 1959. This 
44,000 h.p., 16,000-ton ship runs off 
three Pwr’s; any two suffice to provide 
full power. Not only is the Lenin the 
only surface nuclear ship afloat, but it 
is likely to remain the only economic 


nuclear ship for many years. Its range 
and endurance—it should be able to 
stay at sea for a year without refuelling 
—will make it possible to keep the sea- 
route along the north coast of Siberia 
open for a greater part of the year, and 
should improve access by water to the 
rapidly developing areas of Western 
Siberia. 


The only new power reactor project 
relates to a 2 MW mobile Pwr power 
station, presumably like the US apr 
series, for military or arctic use. 


The policy of decentralizing some 
types of research work and providing 
the various Republics with their own 
research reactors and Institutes also 
continues. In addition to the swimming 
pool reactors building, or soon to be 
built, at Leningrad, Kiev, Minsk, 
Tbilisi in Georgia, Sverdlovsk and 
Tomsk, another is to be built in 1960 
at Salaspils, near Riga in Latvia. 


AND SOUTH AMERICA 


The development of the system has 
been, and is planned to be, as follows: 





REACTOR MW ourTPut ON-POWER 
Zeep O-1 (t) 1945 
NRX 30 (t) 1947 
NRL 200 (t) 1957 
NPD-2 20 (e) 1960/61 
Candu 200 (e) 1964 


Heavy water is used both as modera- 
tor and coolant in Npp-2; the latter is 
kept separate in a zircaloy pressure- 
tube assembly. The fuel will be natural 
uranium oxide. 

Plans for Candu, the first full-scale 
Canadian nuclear power station, have 
been maturing during the last year. 
The station is being designed by 
Atomic Energy of Canada Ltd. AECL 
and is to be built in Ontario, prob- 
ably at Kincardine on the eastern side 
of Lake Huron. The Ontario Hydro- 
Electric Commission will be sharing 
in this project as well as NpD-2. If this 
station can be built for the $M60 
estimated, and if it proves metallur- 
gically possible to burn the natural 
uranium fuel to 8000—10,000 MWd/t, 
then it is possible that electricity will 
be produced costing not more than 
the 0-Sld per kWh aimed at. Perhaps 
the greatest economic uncertainty is in 
whether it will be possible to can 
uranium oxide in zirconium cheaply 
enough. Heavy water preservation also 
presents some tricky problems. 

A variation on this system is being 
worked on for use in smaller genera- 
ting units. This would use an organic 
liquid coolant in place of heavy water 
in the pressure tubes. Since heat trans- 
fer is more efficient, pressures can be 
reduced, with a saving in capital cost. 


The heavy water investment in the 
coolant circuit is also saved. The 
Canadian General Electric Company 
is going into the implications of this 
variant, with a view to producing a 
design study of a 40 MWt reactor 
capable of being used in the north of 
the country. Work will also be done 
on this system by the AECL; a new 
research centre to house the reactor 
experiment is to be built somewhere 
in Manitoba, the site to be announced 
early in 1960. 

Finally, Canadian Westinghouse is 
under contract to study light water 
moderated systems to see whether they 
could be of any use in small units in 
remote areas. 


CHILE 


CHILE IS still considering the possi- 
bility of installing a 100-150 MW nuclear 
power station when the transmission 
system is better integrated in the north- 
ern and central parts of the country. 


COLOMBIA 


THE Colombian authorities are con- 
structing, for training purposes, a light 
water-moderated, natural uranium sub- 
critical assembly ; this should be finished 
early in 1960. 


CUBA 


SINCE the change of Government 
nothing more has been heard of the 
AMF-Mitchell project for a 20-5 MWe 
BWR with oil superheating in the 
copper minding region of Pinar del Rio. 
The new Government has set up a 
Centre for the Civilian Application of 
Atomic Energy. 
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PANAMA & PERU 


BOTH of these countries have now 
signed bilateral agreements with the 
USA, covering exchange of information 
and, in the case of Peru, provision of 
U-235 for power reactors. An alterna- 
tive energy source may be needed for 
Lima after 1970. 


UNITED STATES 


REAPPRAISAL of the long-term 
energy situation in the USA, as in cer- 
tain other countries, has diminished 
the immediate likelihood of the appear- 
ance of the so-called energy gap. For 
example, it has recently been argued 
that, given vigorous technological de- 
velopment, demands for conventional 
fuels until 1975 could be met entirely 
from domestic resources at constant 





prices. UNITED STATES The 100MW Enrico Fermi atomic power station at 

However, the most attractive hydro- Lagoona Beach, Michigan, is the world’s first privately-financed full-scale 
power resources have already been breeder reactor. Built by Atomic Power Development associates it is 
exploited and it can reasonably be due for completion late in 1960 


expected that the long-term upward 
trend in bituminous coal prices will 
continue. 

General statements about US power 
costs are bound to mislead, if only 
because generating capacity is largely 
in the hands of private power com- 
panies, each with access to different 
fuel sources. Despite the high capital 
cost of nuclear plant, the companies 
are already committed to about 1000 
MWe of nuclear capacity by 1963. 
Forecasts of the subsequent growth of 
vary widely. An estimate of 50,000 
MWe by 1980 (some 20% of total 
power installed) has received powerful 
support; but the uncertainties bulk 
very large. A shorter-term forecast is 
set out in Table I. 

It will be seen that the short-term 
programme is modest and that no 


rapid acceleration in the installation ; ; —e 
a i wnt Seen, “Wile > ened UNITED STATES The large circular building in the centre of the University 
rate is yet foreseen. This must awal of California's Radiation Laboratory houses the Bevatron. The 184 in. cyclotron 
proof that a substantial reduction in is in the building on the left, half hidden by trees 

generating costs can be achieved. Dur- 

ing the year, the AEC has made deter- 

mined efforts to create suitable condi- 

tions for this advance. 


UNITED STATES Consoli- 
dated Edison’s thorium re- 
actor at Indian Point, 
shown here as an artist’s 
impression, will have one 
275 MW _ “reactor in the 
dome-shaped structure on 
the left 





Reactor development policy 


Last January (p 95), we remarked 
that the catalogue of reactor systems 
under study had become so lengthy 
that the research and development re- 
sources of the AEC and US industry 
would be stretched to their limits, des- 
pite their great size (the AEC’s own 
appropriations for civil reactor de- 
velopment have risen from $M300 to 
$M400 in the last two years, and in- 
dustrial concerns themselves wholly 
or partly finance large expenditures on 
the construction of reactor prototypes). 
Subsequent events have confirmed this 
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GERMANY At the Nuclear Research Centre near 
Munich, two technicians on a platform above an atomic 
reactor look dwarfed by the size of the machine and 
the decorative ceiling with its circulating crane. This 
1 MW pool-type reactor, designed and built in the 
US by American Machine and Foundry Company, will 

be used to train students 








GERMANY The 12 MW FR-2 research reactor at Karlsruhe 
nears completion; it is scheduled to come into service in the 


latter half of 1960 





forecast. The programme of work on 
fluid metal fuelled systems has been 
drastically reduced, and the project 
for the 10 MWe sodium-cooled, heavy 
water-moderated reactor at Chugach, 
Alaska, has been abandoned. The 
AEC are now placing much greater 


emphasis on systems known to be 
technically feasible for electricity gen- 
eration. 

In order to establish a basis for the 
execution of this new policy indepen- 
dent study groups have assembled 
data on a comparable basis for eight 


TABLE | Growth of US nuclear power capacity 


CUMULATIVE 





SHORT TITLE TYPE MWe START TOTALS REMARKS 
UP END YEAR 
Shippingport PWR 60 1957 later cores up to 
100-175 MWe 
(see 1964) 
Santa Susana Sodium graphite 6 1957 _ 
Vallecitos BWR 3 1957 69 — 
Dresden BWR 180 1959 249 — 
Indian Point PWR (thorium converter) 140 1960 plus 104 MWe 
oil-fired superheat 
Enrico Fermi Fast breeder 100 1960 later cores to 150 
MWe 
Elk River BWR 22 1960 Sil including 7 MWe 
conventional 
superheat 
Yankee PWR 134 1961 Sil Second core 
Humboldt 
(Pacific Gas) BWR 60 1961 705 —_ 
Piqua Organic-moderated 12 1962 _ 
Oak Ridge Advanced gas-cooled 25 1962 742 — 
Hallam Sodium graphite 75 1963 _ 
Northern States 
(Pathfinder) Bwr 66 1963 Including 16 
MWe possible 
nuclear superheat 
Carolina- 

Virginia HW/HW 17 1963 ae 
Florida GCHW 50 1963 — 
Philadelphia 

HTRDA_ urcac 30-40 1963 ~1000 May be increased 
to 60 MWe 
Shippingport PWR 50 1964 Or more 
Other — ~ 250 1964 ~ 1300 — 
— — ~600 1965 ~1900 Probably includ- 
ing 300 MWe 
BWR 
-- -- ~ 500 1966 ~ 2400 —- 
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reactor systems which could be intro- 
duced for power station application 
during the next ten years. Preliminary 
results are summarized in Table il. 
(More details of recent AEC design 
studies will be found in Mr. Ford’s 
review of the recent meeting of the 
American Nuclear Society.) 

For the purposes of these studies, it 
has been assumed that in the later 
1960’s the generating costs of a con- 
ventional station in high coal cost 
areas will be 7:5 mills/kWh. Thus six 
of the systems considered above are 
thought to be capable of reaching this 
first break-even point by 1968. The 
ultimate objective is to break even 
with conventional plants in low coal 
cost areas (at around 6 mills/kWh) by 
1975. 

These comparisons, although still 
awaiting evaluation by the AEC, go 
far to explain recent changes in the 
reactor development policy : — 


1. the AEC taking a long view of 
world demand for fissionable material, 
now place great emphasis upon neu- 
tron economy, higher fuel rating, im- 
proved thermal efficiency, and longer 
fuel irradiation. They may therefore 
wish to press forward with breeder 
systems (to increase plutonium and 
U-233 supplies) and those requiring 
only slight enrichment of fuel, even 
though the development period is 
lengthy and present forecast of gen- 
erating costs may not be encouraging. 


2. Mr. McCone has recently stated 
that the USA must learn how to con- 
centrate development resources at 
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vital points, and should discard 
attempts at the broad-based develop- 
ment of 13 or 14 systems. 

The general pattern of nuclear 
power development has been noted in 
Table I. Interest during the past year 
has concentrated on the light-water 
and gas-graphite systems. 


Light-water-moderated systems 

On the estimates given in Table II, 
it would appear that the light water- 
moderated systems, which have been 


costs of these reactors at 7:3 mills. 
Westinghouse are also advocating de- 
velopment of a 22 MWe prototype 
BWR of a pressure tube design incor- 
porating nuclear superheating, with a 
view to a full-scale plant of this type 
to be operating in 1975. 


Gas-graphite systems 

Although the AEC entered the gas- 
graphite field late, and with some re- 
luctance, Table II indicates that a re- 
duction of one-third in generating 


and with R and D support from the 
AEC) to be completed a year later. 
The first core will use uranium, 
thorium carbides dispersed in graphite 
and canned in stainless steel, and 
should reach 28 MWe with a gas exit 
temperature of about 1000°F. 

This is an ambitious schedule, 
although arrangements are being made 
for exchange of information with the 
UKAEA on (a), and with the European 
Dragon project on HTGC develop- 
ments ; but success on this route might 











proven for electricity generation, are costs is already envisaged (for a pro- bring the technical break-through 
TABLE I! Comparative Costs of Reactor Development 
One 300 MWe Station with a Single Turbine Operating at 80°%, Load Factor 
U-235 at Current Published Prices Plutonium Credits at $12/gram 
Gas-cooled 
graphite Heavy 
Organic- (natural water Aqueous 
BWR cooled uranium natural Fast homogeneous 
and Sodium costs in uranium reactor thermal 
PWR BWR superheat moderated graphite brackets) system system breeder 
I Generating costs based on 
present technology, mills/kWh: 
Capital costs 5-1 5-2 4:4 671 6 71 5:1 ) Technical 
Fuel cycle costs 3-4 3-5 5:7 4:1 3-2 4:2 71 seaaar” 
Operation, maintenance and not yet 
? . 3 2 2 A 2 
insurance si li i , “s i sila J established 
TOTAL 9-3 9-6 11-4 11-2 10-4 (11-9) 12°5 13-3 
Il Generating costs taking account 
of foreseeable advances in 
technology, mills /k Wh: 
Capital costs 4-4 4-3 3-9 3-7 49 4:1 6°5 4-4 6-4. 
Fuel cycle costs 2°6 2°3 2 2:1 1-9 2:8 1-3 2 2:1 
Operation, maintenance and | 0:8 0-9 0-9 1-3 1 0-8 1-2 a 2-8 
insurance 
TOTAL 78 7°5 6°8 71 7:8 7:7 9 7°5 11-3 
(and date of construction start) (1960) (1964/5) (1965) (1965) (1965/6) (1966) (1967/8) (1968/9) (1970/1) 
IIL Cost of additional R and D 
effort needed to advance from | 
to IL ($M.) 20 20 24 40 82 100 80 160 Fb 
(exc. HTGC) 
Cost of prototypes 25 20 30 50 30 175 33 100 


already highly developed; and there- 
fore hold the least further develop- 
ment potential, even with nuclear 
superheating. However, there is much 
confidence in the future of these sys- 
tems, as is shown by the following re- 
cent developments : — 

a. the Dresden 180 MWe Bwr_ has 
achieved criticality six months ahead 
of schedule ; 

b. the Shippingport Pwr continues to 
operate satisfactorily ; 

c. the AEC are endeavouring to inter- 
est industry in a 300 MWe light-water 
reactor to be built with research and 
development assistance from the Com- 
mission ; 

d. the Westinghouse Electric Corpora- 
tion are prepared to guarantee the 
capital cost, performance and fuel 
burnup (14,700 MWd/ton) of a 330 
MWe pwr for 1965; and of a 225 
MWe Bwr (40% of this output being 
provided by conventional superheat) 
to be built within four years from con- 
tract date; they estimate the power 
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gramme which, it is claimed, will put 
the US ‘ years ahead of the British’). 
Development of these systems in the 
USA (as compared with the UK) will 
be assisted by the low cost of enrich- 
ment, because the effect upon fuel 
costs of specifying strong fuel cans 
to ensure irradiation performance will 
not be so sharp; and because helium 
is readily available as coolant, which 
removes the problems of CO, graphite 
compatibility, at an additional cost of 
only 0:4 mills/kWh. If the full cost 
reduction is realized, the system will 
achieve costs comparable with those of 
the well-established water-moderated 
reactors. 
The gas-graphite programme now con- 
sists of: 
a. the AEC’s helium-cooled 25 MWe 
reactor experiment at Oak Ridge, sche- 
duled for completion in the autumn 
of 1962. This will use UO, /stainless 
steel clad fuel ; 
b. the Philadelphia Electric Company’s 
high-temperature gas-cooled reactor 
(with financial help from its associates 


which is required to establish a com- 
petitive foothold for nuclear energy 
in the USA. 


Conclusion 

It is to be expected that the Ten- 
year Programme to be drawn up by 
the AEC in 1960 will produce a fur- 
ther concentration of effort upon a 
few feasible reactor systems. The com- 
mission’s attempts to systemise activi- 
ties in the related fields of fuel pro- 
cessing and economy in the use of 
fissile materials, and to limit R and D 
assistance to projects forming part of 
a coherent framework, are laying the 
foundations for such a programme. 


VENEZUELA 


A POWER bilateral has been signed with 
the USA, authorizing the delivery of up 
to 800 kg of 20% U-235, and 6 kg of 
90% U-235 for power and research 
reactor use. This will serve to cover, 
amongst other things, the supply of 
fissile material to a 3-5 MW swimming 
pool to be built by General Dynamics. 
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ASIA AND AUSTRALASIA 


AUSTRALIA 


NO DECISION to build a power reactor 
has yet been taken. Long term reactor 
research is still being concentrated on 
the high temperature gas-cooled system. 

The 10 MW materials testing reactor 
Hifar in the research establishment at 
Lucas Heights is being extensively used 
and the irradiation facilities have been 
offered to UK companies. During the 
year workers at Lucas Heights devel- 
oped their own system of nucleonic in- 
strumentation for use in the research 
programme. 


CHINA 


THERE IS little new to report ; the fact 
that the Chinese Minister of War has 
reiterated China’s determination and 
ability to manufacture nuclear weapons 
implies a considerable basis of nuclear 
knowledge, and access to a substantial 
nuclear energy industry. 

The 6-5—-10 MW heavy water-moder- 
ated research and materials testing 
reactor supplied by the USSR under a 
1955 agreement has now been in opera- 
tion for fifteen months. Canada is to 
supply six cancer therapy machines 
using cobalt-60 sources. 


INDIA 


THE 1961-66 five year plan provides 
for a 250 MWe Calder-type nuclear 
power station at a cost of Rs.45 crores 
(£M34 or just under £138 per kW). It 
is planned that construction should start 
in 1961 and the station come on line in 
1964. Preliminary talks have already 
been held with the consortia. There is 
a possibility that this programme might 
be substantially increased to 1000 MW 
by the end of 1965. The total invest- 
ment in such a programme would be 
just under £200 million. Ultimately, it 
is aimed to use the thorium/U-233 
cycle in Indian nuclear power stations, 
thus making use of plentiful domestic 
supplies of thorium. 

The first station is to be built near 
Bombay ; its precise location has not 
been decided, but it would be an ad- 
vantage if the station were also in a 
position to supply the densely populated 
area round Ahmedabad, to the north. 

Preliminary steps have already been 
taken to ensure that India will be able 
to construct herself all the ancillary 
plant necessary to sustain the sub- 
stantial programme envisaged. The first 
all-Indian billet of nuclear grade natural 
uranium was produced in February 
1959 ; a fuel element fabrication plant 
has been set up and work has been done 
to show that it is possible to make 
graphite domestically. A 14 ton per 
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annum heavy water plant is already 
being built. 

India has decided to build her own 
chemical separation plant—on a modest 
scale at first—which will deal with ir- 
radiated fuel rejected from research 
reactors ; this probably means a capac- 
ity of some 20 tons per annum. 

Other aspects of the programme also 
continue to press forward. The joint 
Canada-India 40 MWt reactor at Trom- 
bay, an improved version of NRX, 
should be critical next March. This will 
mean that many, if not all, of the fuel 
elements will have to be fabricated 
abroad. The Apsara swimming pool 
reactor, built with UKAEA help and 
using British U-235, has now been 
operating at Trombay for 24 years. A 
further research reactor, Zerlina, is 
expected to go critical shortly. 

The first reactor system to be investi- 
gated by the Indians themselves with a 
view to adoption for power production 
is expected to use natural uranium fuel, 
a heavy water moderator, and an organic 
liquid coolant. Longer term plans 
favour the investigation of organic liquid 
moderated systems using thorium. 


INDONESIA 


THE Indonesian government has set up 
a Council of Atomic Energy to advise on 
political matters, and an Institute of 
Atomic Energy to undertake research, 
supervise prospecting and encourage 
the use of radioisotopes in medicine, 
agriculture and industry. 


JAPAN 


SINCE IT would not be within Japan- 
ese capabilities to construct and run a 
diffusion plant capable of satisfying the 
needs of a substantial power pro- 
gramme, attention has been directed 
primarily towards the natural uranium, 
Calder-type reactor. 1959 was mainly 
of interest in that it witnessed the 
negotiations leading to the issue of a 
letter of intent for the first imported 
nuclear power station. 

The responsible authority, a specially 
formed group of electricity producing 
companies—the Japanese Atomic 
Power Company (JAPC)—had in 1958 
invited tenders for a 150 MWe Calder- 
type station. Bids were received late in 
1958, and were first scrutinized from a 
technical point of view. Separate envel- 
opes, containing the costs of the bids 
were not opened until later, January 
16, 1959. The Japanese considered that 
the three bids received (from the UK 
General Electric, English Electric, and 
AEI-John Thompson consortia) were 


so close technically that there was little 
to choose between them. It appears that 
there was also little difference in the 
prices asked ; they were all in the neigh- 
bourhood of £M19. Since the prices 
all appeared to be substantially above 
that agreed for a station of the same size 
to be built for Italian AGIP-Nucleare, 
the Japanese asked the consortia to re- 
consider them. However, most of the 
difference in price was due to higher 
transport costs for the imported com- 
ponents, and greater civil engineering 
work to protect the reactor against 
earthquakes, so that it proved possible 
only to make a fairly modest reduction. 
The General Electric-Simon Carves Con- 
sortium was chosen and the price agreed 
on is reported to be about £M18, i.e. 
£120 per kW. It seems likely that 
Japanese firms will now be responsible 
for about one half of the work on the 
reactor and ancillaries, and presumably 
for all the conventional part of the 
station (including civil engineering 
work). It thus appears that one of the 
objectives of the initial stages of the 
nuclear power programme will be 
reached ; drawings on overseas earn- 
ings will be kept below the planned 
figure of 40°, of the total cost of the 
station. 

During the negotiations it was 
announced that an agreement had been 
made with the General Electric Com- 
pany of the UK arranging cooperation 
on nuclear power generation. The 
UKAEA has, relatedly, also concluded 
a consultancy agreement with the JAPC 
which will cover, amongst other things, 
advice on operation. 

The Japanese government has given 
its formal approval to the building 
of this station shortly. Because of 
safety fears, including local objections 
to the siting of the station at Tokai 
Mura, the government decided to sub- 
mit the safety problems of the reactor 
to a special Reactor Safety Committee. 
This made a favourable report in 
November. 

The Boiling Water Reactor System 
also interests the Japanese, possibly for 
ship propulsion. It is, therefore, planned 
to install a 12-5 MWe uranium oxide- 
fuelled BWR, also at Tokai Mura. 
This reactor should be in operation in 
1962, though there have been some 
difficulties in negotiating satisfactory 
accident liability provisions. It will be 
built by the US General Electric com- 
pany and should cost about £M3. 

The most important development in 
Japan’s own research programme has 
been in connexion with JRR-3. This is 
a research and materials testing reactor, 
heavy water-moderated and natural 
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uranium-fuelled, which is due to be 
completed in 1961. The Japanese have 
acquired the right to three tons of 
uranium metal from the International 
Atomic Energy Agency, at a price of 
$16 per Ib, subject to the Agency’s 
peaceful-uses safeguards. The remain- 
ing 3-6 tons of uranium will be Japanese 
mined and refined, though canned 
abroad—possibly in Canada. 

A bilateral agreement has been signed 
with Canada, after protracted negotia- 
tions, to cover information on reactors 
and the supply of heavy water and 
uranium. A number of training reactors, 
mostly low powered Trigas (up to 100 
kW) have been bought ; these will be 
going to Rikkyo, Kinki and St. Paul’s 
Universities, and to the Musashi En- 
gineering College at Kawashi. 

Finally, looking further ahead, the 
Japanese Atomic Energy Research In- 
stitute is working on a high temperature 
gas cooled thermal breeder reactor. 
The fuel would be uranium oxide and 
thorium oxide in graphite. This reactor 
bears a close family resemblance to the 
OEEC project Dragon, at Winfrith. 

Thus, Japan is, by hard and successful 
bargaining, using its position as an 
economic buyer of nuclear power plant 
and equipment to lessen its technical lag 
in development. What remains to be 
seen is not whether Japan will catch up 
on past developments—that is not in 
doubt—but how extensive her contribu- 
tions to nuclear knowledge will be, and 
how soon they will be made. 


NORTH KOREA 


RUSSIA HAS undertaken to help to 
establish a research centre, to include a 


reactor, physics and isotope laboratories 
and a betatron. 


SOUTH KOREA 


THE USAEC will contribute $350,000 
towards setting up a research centre and 
installing a Triga Mark II 100 kW 
reactor at the Seoul Atomic Energy 
Research Institute. 


NEW ZEALAND 


LITTLE has happened in the atomic 
energy field during the last year. Most 
of the power generation effort is still 
being devoted to increasing hydro- 
electric supplies. Nevertheless a con- 
tinuing interest is maintained in overseas 
development of nuclear power and a 
small but growing research effort is 
undertaken. The purchase of a research 
reactor from overseas is under consider- 
ation. When nuclear power becomes an 
economic possibility, the first station is 
likely to serve the chief national load 
centre at Auckland. A 3 MV particle 
accelerator, costing some £80,000, has 
been ordered from the US. 


PHILIPPINES 


THE US General Electric company will 
be installing a 1-3 MW swimming pool 
reactor, which should be completed in 
late 1960 ; the cost of the US com- 
ponents will be about $500,000. 


THAILAND 


A 1 MW swimming pool research re- 
actor is to be built at Chulalongkorn 
University, Bangkok. The US is con- 
tributing $350,000 to its cost. There 
are reports that the possibility is being 


considered of importing a 20-40 MW 
power reactor for the North East region 
of the country. 


VIET-NAM 


A 1000 kW Triga Mark II is to be in- 
stalled in a nuclear research centre at 
Delat ; the US will pay $350,000 to- 
wards the project. 


AFRICA AND 
THE MIDDLE EAST 


IRAQ 


THE NUCLEAR energy research centre 
associated with the Bagdad Pact coun- 
tries has been moved to Teheran and 
no longer concerns Iraq. In its place 
Iraq has signed an agreement with the 
USSR providing for technical assistance 
in building a reactor and an isotope 
laboratory, and for training scientists in 
the Soviet Union. 


ISRAEL 


A GROWING effort is now being de- 
voted to nuclear research. A 1 MW pool 
reactor under construction by AMF 
Atomics (scheduled operation late 
1959) for the Weizmann Institute. 


SOUTH AFRICA 


THE PURCHASE of a 5 MW pool- 
type reactor from overseas has been 
approved in principle. 


TURKEY 


IN TURKEY work continues on a 
1 MWt research reactor and asso- 
ciated research centre. 








CANADA One of the first atomic research centres in the world, the Chalk 
River establishment has grown so large that an additional centre is now to be 
set up at Manitoba 
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BELGIAN CONGO This Triga, first re- 

search reactor in Africa, is now in opera- 

tion at the Lovanium Catholic University, 
about 12 miles from Léopoldville 
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Six experts appraise developments during 1959 
in the fields of reactor engineering, reactor 
physics, fuels and materials, nucleonic instrumen- 


tation, process chemistry, and applied irradiation 


WORLD REVIEW OF 
PROGRESS IN TECHNOLOGY 


1. Reactor engineering 


by R. F. W. GUARD, B.Sc.(Eng.), A.M.LE.E. 
Chief Engineer, Nuclear Dept., Kennedy & Donkin 


THE EFFORTS of all designers have been directed 
towards reducing capital costs. Higher interest rates and 
reduced load factors have made capital charges the critical 
factor. Minimum guaranteed first cost for a maximum 
guaranteed output is now the principal objective, largely 
because fuel costs remain hypothetical and fuel guarantees 
are decided more by politics than by statistical evidence. 


The gas cooled reactor 

In spite of fierce controversy about the future of the 
present type of GcR (magnesium canning), engineering 
developments continue more rapidly with this reactor type 
than any other, thanks to the incentive of the CEGB pro- 
gramme. Design outlines of the Trawsfynydd (/) and 
Latina (2) stations have been published, and a little 
information on Tokai-Mura (3). From these a number of 
interesting trends may be inferred. 


System design Gas pressures continue to rise, in spite of 
occasional statements that the practical or economic limit 
has been reached. Clearly, designers find that the improve- 
ment in performance justifies the increased difficulty, and 
it is apparently more efficient to increase blowing power 
rather than the reverse. A greater volume of core has been 
fitted into a given vessel volume, and also a greater weight 
of fuel, possibly with some small reduction in excess reac- 
tivity. 

The number of primary loops is settling down at four 
or six. The first reactors had up to eight, while EpF-1 has 
one. It is desirable to be able to lose a circuit without 
having to shut down. Gas outlet temperatures are un- 
changed, but inlet temperatures are tending to rise. 


Pressure vessels The principal obstacle to increased gas 
pressure is the design of the main vessel. The new designs 
include means to reduce the top dome temperature, and 
both Latina and Trawsfynydd cool the outside of the 
vessel and insulate the inside surface above the core. Plate 
thickness at Trawsfynydd (34 in.) is less than at Latina, 
although the pressure is higher; obviously the improved 
core/vessel volume ratio has paid handsomely by permit- 
ting a smaller vessel. If the trend towards reduced sizes 
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continues, alloy steel may become economically feasible. 

British manufacturers have proceeded cautiously towards 
thicker vessels, and the decision of the French to go straight 
to 4 in. alloy steel for EDF-1 must be judged in the light 
of the recent report of a major fracture of the vessel 
during construction. Vessels (of 3 in. steel) have been com- 
pleted satisfactorily during the year at Bradwell and 
Berkeley. No doubt increased confidence based on exper- 
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Increased gas pressure is a feature of the development of 
gas-cooled reactors (Fig. 1) 


ience will permit the use of 4 in. plate and increased pres- 
sures in future designs (Figure 1). New methods of radio- 
graphy, possibly using particle accelerators, will probably 
be developed. One manufacturer has published a paper 
(4) on the band reinforcement of large cylindrical vessels, 
which seems perfectly feasible. 


Gas ducting, bellows and valves The higher pressures make 
increasing demands on these components, and a recent 
paper (5) analyses the problems. The expensive and vul- 
nerable bellows might be eliminated if the ducting could 
be allowed to flex, but none of the recent designs incor- 
porate this improvement. Trawsfynydd shows spherical 
corner-pieces at right-angle bends instead of the usual 


NUCLEAR POWER January 1960 





mit 
ges 
tior 
Ga 
spe 
the 
fyn 
of 

loa 


po: 


ger 


!’@ —- bp Orr = DP 





mitre. Butterfly valves are now standard, but it is sug- 
gested that perfect sealing under both hot and cold condi- 
tions may be impossible to achieve. 


Gas circulators The expensive and less reliable variable 
speed drives for circulators, bequeathed by Calder Hall to 
the first four British stations, have been ousted at Traws- 
fynydd by squirrel-cage motors and valve/bypass control 
of gas flow. The case for variable speed drives for base- 
load stations had never been clear. Reactors built abroad 
on transmission networks with different characteristics may 
require v.s. drives, and the direct steam-turbine drive pro- 
posed for Tokai-Mura is likely to be less expensive than 
the Latina variable-frequency drive, which copies Bradwell. 


Core design It has been a difficult year for core designers. 
In 1958, following the Windscale accident, the UKAEA 
decided that the storage of Wigner energy in the cores 
of the industrial reactors would have to be reduced by 
raising the minimum graphite temperature. One way to 
achieve this without increasing the gas inlet temperature 
is to insulate the coolant channels with sleeves, and the 
Trawsfynydd core includes this feature. It is, therefore, 
very interesting to note that Latina is not to be sleeved. 
This may mean that Latina will require an irradiation 
anneal after some years, and presumably the Italians are 
prepared to carry out this operation while the CEGB are 
not. 

Recently it has been found that under certain conditions 

graphite will shrink rather than grow. Much thought had 
been put into core design from Calder onwards to allow 
for growth, but shrinkage raises new problems of core 
stability and alignment. The solutions adopted have not 
been published, but an independent Japanese study of the 
stability of a core under earthquake conditions, even 
allowing for shrinkage, concluded that the re-design was 
satisfactory. 
Fuel elements The Trawsfynydd elements present no sur- 
prises, but it is stated that hollow elements were consi- 
dered and rejected (/). This seems to be another example 
of CEGB conservatism, as the Japanese are said to have 
accepted hollow elements, which obviously can produce 
much more power per ton. The French elements are also 
hollow, but the uranium is stabilized with molybdenum, 
with some loss of reactivity. Obviously hollow elements 
are far behind in practical irradiation experience, and one 
problem with them is to forecast what goes on inside the 
hole. 


Fuel handling The trend seems to be towards a single giant 
machine which carries out all operations at one attachment 
to a stand-pipe. GEC have gone to top-charging for Tokai- 
Mura. The discussion on a recent paper (6) suggested that 
most people prefer remote control to direct operator 
action. A man sitting on the machine may have a better 
feel of things but he is in a very vulnerable position if 
anything goes wrong. 


Steam cycles The dual pressure cycle remains, but Traws- 
fynydd has higher steam pressures and a reduction in 
superheat. The advantage is smaller steam drums and pipes, 
but the wetness at the turbine exhaust is now severe by 
conventional standards. American reactor steam cycles have 
always penetrated well into the wet region, and designers 
have relied upon moisture extraction devices which are not 
yet familiar here. 
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Safety The latest reactors have an emergency shut-down 
device, designed to insert absorber (e.g. boron-steel balls) 
into the core under accident conditions. Trawsfynydd boil- 
ers are shielded, with the drums outside the shield walls, 
permitting maintenance to be carried out without need to 
enter radiation areas. 


Construction In spite of the excellent civil construction 
record at Berkeley without the use of a Goliath crane, it 
is proposed to use one at Trawsfynydd. So this controversy 
continues unresolved. 


Water-cooled reactors 


While the pressurized water reactor remains well in the 
lead for ship propulsion, the boiling water reactor is having 
greater success for power generation applications. Not 
many design developments have been reported during the 
year, but it is possible to compare the Garigliano plant 
design (7) with Dresden. 

It is easier to measure instability in a BWR than to 
predict its onset, and manufacturers tend to guarantee a 
lower thermal output than they believe may be possible. 
Stability requires that the reactivity absorbed by steam 
voids in the boiling fluid shall not be too great, and the 
void fraction can be reduced by pressurizing and by sub- 
cooling the water entering the core below the saturation 
temperature. Dresden has four primary loops with heat 
exchangers, which provide the sub-cooling and raise secon- 
dary steam. In the Garigliano design the proportion of 
secondary steam is much reduced and there are only two 
loops. Capital cost is reduced and efficiency is increased 
because the designers have more confidence about the 
stability problem. 

In pwrs on the other hand, the drive is towards in- 
creased power density in the core by permitting local 
boiling. Hence as far as core and vessel design is con- 
cerned, the two types are becoming indistinguishable. The 
big difference is the direct cycle used for the BwR, and it 
is extremely interesting to note that active steam will be 
passed directly to a full-scale turbine at Dresden very 
shortly. 

A contract for building a large Pwr station in Italy has 
been signed, but few details differing from the Yankee 
plant have been published. 50 MWe Bwrs are building at 
Humboldt Bay and in Michigan. It is significant to note 
that the Germans chose a closed-cycle Bwr for Kahl which 
will not have a radioactive turbine. A period of intense 
competition in the field of small power reactors has begun 
between the two major American companies who promote 
the BWR and Pwr respectively ; both have announced am- 
bitious development programmes. One of these firms insists 
on zirconium as a canning material, while the other pre- 
fers stainless steel—further evidence of meagre burnup 
experience. 

America’s nuclear navy reactors remain secret, but a 
recent review (8) suggests that their designs are very dif- 
ferent from a commercially practicable PwR. Where money 
and neutron economy are no object, cores use fully- 
enriched uranium, heavily doped with burnable poison to 
increase core life. Oxide is not used because of its poor 
shock resistance. 

In reactors where no fuel charging on load is possible, 
very poor power distributions develop with irradiation and 
a compromise has to be made between a poor average 
burnup and frequent shut-downs for fuel changing. In the 
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Development history of the 
three main power reactor types 


larger sizes of reactor, handling of the head closure is 
extremely difficult. 

Another design problem to be overcome with liquid- 
cooled reactors is the identification of defective fuel ele- 
ments. It was interesting to see recently proposals for this 
from a British manufacturer (9). 

Proposed tightening of radiation limits in the USA re- 
cently caused a considerable political storm. The trend 
towards increased safety may be seen in the licence granted 
to the Piqua plant, which was conditional upon adding 
containment. The big pwr at Indian Point (a curious plant 


incorporating a thorium blanket and an oil-fired super- 
heater) is to have a containment vessel of 14 in. steel, clad 
in concrete with an average thickness of 54 feet. 


Other reactor systems 

Although the Advanced Gas-Cooled Reactor may be 
regarded partly as an engineering development of the 
GCR, it is really a different system in most respects. Most 
interesting are the means of cooling the vessel and ducting, 
effectively separating high temperature parts from stressed 
parts. 

Heavy water moderated reactors seem to be dogged by 
controversy. Lewis presented a paper (/0) in April on 
Canadian experience but severe criticism of his policies 
have been reported. The Swedish programme has been 
severely cut. In spite of forecasts made a year ago of the 
development of a heavy-water moderated system in this 
country, no prototype has been started, although we are 
participating in the Halden experiment. In a similar posi- 
tion is the Organic-Moderated Reactor, still not accepted 
anywhere for major construction except for the 12 MWe 
plant at Piqua. 

References 
1. NUCLEAR POWER 1959 (Nov) 
2. Nuclear Engineering 1959 (Oct) 
3, NUCLEAR POWER 1959 (May) 
4. Mantle, Marshall and Palmer J. Brit. Nucl. Energy Conf. 1959, 4, p. 165 
5. Bowden and Drumm, Meeting of Inst. Mech. Engrs., 4 Nov 1959 
6. Harwood, Scott and Stonehouse J. Brit, Nucl. Energy Conf. 1959, 3, p. 234 
7. NUCLEAR POWER 1959 (Oct) 
8. Nucleonics, September, 1959 
9. 


NUCLEAR POWER, July, 1959 
0. Lewis Chartered Mechanical Engineer 1959 (Oct) 


2. Reactor physics 


by D. A. NEWMARCH, BSc. 
Reactor Division, A.E.R.E., Harwell 


THE USE of reactor calculation techniques requiring elec- 
tronic computers is increasing. Although an uncritical re- 
liance on such methods has been justly condemned, the 
effort to improve reactor designs involves not merely 
finesse in evaluating common design parameters but also 
an appraisal of the complicated spatio-temporal changes 
that reactors undergo during operation, especially under 
conditions of high burnup. Without recourse to electronic 
computers such an appraisal would be extremely tedious 
and probably impracticable. It may also be hoped that 
computer methods will eventually dispense with the need 
for the vast experimental programmes required to pro- 
vide empirical parameters for approximate theories. 


Reactor survey programmes 

The various aspects of reactor design must not be con- 
sidered independently. Indeed it is sometimes found that 
by tracing the effects of some small design modification 
through the various equations of heat transfer, lattice 
physics etc., a feedback occurs such that the modification 
aggravates the situation which it was intended to alleviate. 
This consideration has led to the increasing use of reactor 
survey programmes. These programmes iteratively solve 
the equations governing the various design aspects and 
print a consistent set of design parameters. A survey pro- 
gramme uses such data as net power output, fuel element 
design parameters and reactor size limitations, and from 
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these computes engineering performance (heat rating, 
pumping power, thermal efficiency etc.), cost per unit 
power, enrichment and lattice physics parameters. 

In order that the machine time should not be excessive, 
only simple forms of equation can be used. However, 
although this means that no final conclusions can be made 
from the results of such computations, these programmes 
define more precisely the field of interest. The approxi- 
mate design thus having been determined, more sophisti- 
cated methods can be brought into play. 


Short-term instabilities in graphite power reactors 
During the operation of reactors at steady power, 
changes in flux and reactivity occur. The short-term insta- 
bility effects are those occurring on time scales ranging 
from a few milliseconds to a few hours. They are due to 
two principle sources: 
1. The presence of delayed fission product poisons, notably 
Xe-135. A local increase in flux, by means of increased 
burnup, causes an inital decrease in this poison concentra- 
tion thus further tending to increase the flux level. 
2. Possible positive temperature coefficients. These are 
especially likely to arise as the plutonium content of the 
reactor increases. 
Uniform control of graphite power reactors is thus in- 
adequate since the instabilities would lead to local over- 
heating even if the total power output were kept constant. 
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It is necessary therefore to have, in addition to the main 
control system, a set of fine sector control rods which 
respond to local flux changes. 

A certain amount of work has been done by analytical 
methods (/); in addition the STAB programme for the 
IBM 704 and 709 has been written at AERE. This is a 
three dimensional programme which solves iteratively the 
coupled neutron diffusion, heat transfer, xenon poison, and 
control equations. The control equations determine the 
nature of the response of the fine sector control rods to 
flux changes. The programme first computes and prints 
the steady state values of the flux, xenon distribution etc. 
Further data, by altering some of the parameters, simu- 
lates the effect of perturbations. The programme then 
computes and prints, for a succession of time steps, such 
quantities as the flux distribution, xenon distribution and 
the degree of insertion of the control rods. 


Flux spectra and effective cross-sections 

Several papers on topics relevant to the accurate com- 
putation of flux spectra were presented at the second 
Geneva Conference. Since then, considerable effort has 
been devoted towards applying and improving these 
methods. 


Limitations of simple methods of computing spectra 

Simple methods, based on the model of a Maxwellian 
component joined to a 1/E tail, generally do not introduce 
serious errors when applied to the initial state of uranium- 
fuelled graphite or heavy-water moderated reactors. This 
is because: 

1. The ratios of fuel to moderator and thermal absorption 
cross-section to epithermal removal cross-section are low ; 
also the total cross-sections of the moderators vary little 
up to MeV energies. Under these conditions the model 
provides a fair representation of the spectrum. 

2. The absorption cross-section of the reactor materials 
usually all have an approximately 1/V dependence at 
thermal energies. This results in the thermal utilization 
factor being insensitive to the spectrum shape. Small errors 
in the thermal diffusion length are not usually of great 
importance in such assemblies. 

These methods have a seductive simplicity, and the 
speed with which they can be performed leads them to be 
written into computer programmes in which the lattice 
physics calculations appear as subroutines. 


Special case of water-moderated assemblies 

These simple methods are unreliable when applied to 
light-water moderated assemblies: the high thermal absorp- 
tion distorts the lower end of the spectrum from a Max- 
wellian shape. Above 0-01 MeV the hydrogen cross-section 
decreases rapidly with increasing neutron energy, thus 
causing a high energy flux peak, while the massive amounts 
of U-238, canning and alloying materials affect the fast 
spectrum in a complicated manner. Also, because of the 
severe control problems usually associated with water- 
moderated assemblies, accurate evaluations of the thermal 
diffusion lengths are required. 

A scheme for computations on water moderated assem- 
blies, developed by Westinghouse Electric, was presented 
at Geneva (paper 1843). In particular the thermal spectra 
are computed by the Wigner Wilkins method using the 
SOFOCATE code, while the fast spectra are computed by 
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the MurFT fifty-four group code. It was claimed that, when 
properly used, the scheme can be expected to give reacti- 
vities correct to within 1 or 2%. An AERE analysis of 
highly enriched assemblies, which was based on_ this 
scheme, supports the claim. Also experiments on relative 
reaction rates, using a variety of detectors, correlate well 
with SOFOCATE computed values. 

The use of the MUFT/SOFOCATE combination for low en- 
richment assemblies is complicated by the large amount 
of U-238 present and the large fine structure effects. 
These make it necessary to introduce self-shielding factors. 
Geneva paper 1841 listed an excellent correlation between 
experimental and theoretical results ; it was stated that the 
self-shielding factors were obtained by the Monte Carlo 
method. More satisfactory methods of obtaining these fac- 
tors are now being sought. 


General methods of spectrum calculation 

The need to predict reactor behaviour under conditions 
of plutonium build-up has stimulated efforts to derive 
satisfactory methods of computing spectra which can also 
be applied to graphite-moderated assemblies. The pluto- 
nium cross-section, peaking at 0:3 eV, may result in posi- 
tive temperature coefficients, the magnitude of which are 
spectrum sensitive. Three main approaches are being made 
to this problem: 
1. The Wilkins equation is used to compute the thermal 
spectra. The spatial dependence can be introduced by 
means of self-shielding factors, but a better approach, due 
to Takahashi, is to use coupled sets of equations with 
terms which allow for scattering from one zone to 
another (2). 
2. Multigroup diffusion theory methods. A derivation of 
transfer cross-sections for a crystalline moderator was 
given at Geneva (paper 18). These cross-sections are 
thought to be valid if the energy change is not too small. 
They have since been written into an AERE multigroup 
diffusion theory programme which has produced results 
for graphite moderated assemblies differing little from 
those obtained with the ideal gas model. Transfer cross- 
sections for small energy changes can be measured ; these 
could be used together with the theoretical cross-sections 
for large energy changes to provide an improved technique 
for computing spectra. 
3. Transport theory methods. The principle method is the 
Carlson Sn technique; this should be more reliable than 
diffusion theory methods when applied to assemblies with 
pronounced fine structure. Unfortunately this method is 
expensive in computer time. 


Streaming effects 


It has long been known that ratios of the axial to radial 
components of the migration area, when computed by the 
Behren’s method, give values incompatible with experi- 
ment. It was not known, however, which of the two com- 
ponents was in error. A Monte Carlo study of the prob- 
lem, reported at Geneva (paper 310), then showed that 
it was the radial component in error. Work has since been 
in progress to find an analytical method of obtaining the 
radial component (3). 
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3. Nucleonic instrumentation 


by DENIS TAYLOR, M‘Sc., Ph.D., M.LE.E. 


Director, Plessey Nucleonics Ltd. 


THE DEVELOPMENT of nuclear instrumentation has 
followed the same general pattern as last year (/). There 
have been few major advances in measurement technique 
but trends indicated then have been maintained. Thus tran- 
sistors are being employed to an increasing extent, particu- 
larly in portable radiation monitors, where the decrease of 
size and weight of the instrument is a considerable advan- 
tage. In the larger instruments, e.g. those used in reactor 
control, the most significant achievement in the use of 
transistors is the reduction in the amount of heat genera- 
ted by the equipment. To quote an example. one instru- 
ment for reactor control using transistor circuits dissipates 
only 10 watts as compared with 500 watts in the case of 
the equivalent unit using thermionic valves. There is also 
a considerable space saving, and in the case of reactor in- 
struments this can amount to as much as 80%. 

Radiation detectors have not changed markedly in the 
past year, but successful demonstrations have been made 
of in-pile detectors for reactor control purposes. These are 
ionization chambers with coatings of U-235 on the elec- 
trodes. There is no doubt that in-pile detectors will be 
used to an increasing extent in the next few years. 

The introduction of the photoconductive crystal as a 
radiation detector is taking a long time, but crystals are 
becoming available with a short response time (of the 
order of a few seconds) and with a sensitivity of several 
(5-20) microamp per r/h at 100 volts. They offer the possi- 
bility of producing simple dose-rate monitors and con- 
tamination monitors, probably at a fraction of the cost of 
that possible with either a geiger counter or an ionization 
chamber. 

Photoconductive crystals are also finding application in 
data-handling systems. Thus in handling the outputs from 
a large number of thermocouples a high speed switch is 
needed which is not limited in operation by contact poten- 
tial troubles. Photoconductive crystals appear to be suit- 
able for this purpose. The best crystals produced so far 
have a dark resistance of 10° ohms and a bright light re- 
sistance of 10? ohms, giving a change of resistance by a 
factor of 10°. 

Recently there has been an interesting development in 
connexion with the use of pulse counters for reactor con- 
trol purposes (2). 


Particle identification method 

Another new technique (3) is pulse shape discrimination 
using scintillation counters to determine the nature of the 
particle causing a scintillation even as pulse amplitude dis- 
crimination is used to determine the energy of the particle. 
Several different techniques have been developed. Some use 
small and large time constants to produce pulses corres- 
ponding to peak amplitude and total current from the 
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photomultiplier. Others use space-charge limitation in the 
photomultiplier to distinguish a large peak-amplitude scin- 
tillation from a small peak-amplitude scintillation response. 
It would appear (4) that space charge saturation provides 
a simple method of detecting fast neutrons of energies be- 
tween at least 0-5-10 MeV. In this range, detection efficien- 
cies are of the order of 10-20%, per cm of phosphor, whilst 
gamma rays, which have absorption coefficients about half 
that of neutrons, can be largely rejected. So far pulse shape 
discrimination has been used in specialized laboratory ex- 
periments and research. In the future, however, it may 
find application in health physics instrumenis, e.g. in neu- 
tron monitors. 


Two new transistor applications 

Scaling equipment has not changed appreciably in the 
past year. Perhaps the most interesting development is that 
using transistors. Several years ago Chaplin described a 
binary scaler using transistors in which an inductance or 
delay line provides the short time memory, the resolution 
of which is limited almost entirely by the switching speed 
of the transistors. With the faster transistors now avail- 
able very much faster scalers have become possible. Thus 
with the new Mesa transistors it should be possible to de- 
velop a 100 Mc/s scaler, which will have obvious applica- 
tions in experimental work with the new particle accelera- 
tors. 

Transistors are also being employed with success in fast 
coincidence circuits for nuclear physics measurements 
where it is often necessary to detect light signals in a scin- 
tillator which coincide with signals from other scintilla- 
tors. The usual technique involves forming the output 
from the photomultipliers into narrow pulses of constant 
amplitude and mixing them so that an output is obtained 
only when pulses overlap. In a new circuit proposed by 
Chaplin and Candy (6) diodes and transformers are used 
to shape the pulses and a transistor amplifier to provide 
the output signal. The circuit, which will respond to input 
pulses of one volt or greater, has a resolving time of 3 
millimicroseconds. 

A new development is the beryllium survey meter in 
which detection of beryllium in the field is made possible 
by incorporating in the instrument a gamma source and 
relying on a (y,n) reaction for the detection and location 
of the ores. With the apparatus developed at AERE an 
antimony gamma source is employed and a BF, propor- 
tional counter used as the neutron detector, followed by a 
pulse amplifier, discriminator and count register, all cir- 
cuits being transistorized. The sensitivity is adequate to 
measure a beryl content which is too low to make extrac- 
tion economically practicable—for example 50 ppm will 
double the background counting rate. 
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Recently there has been considerable interest in low 
energy gamma-ray monitoring and assay of fissionable 
material. In the case of Pu-239 a low energy gamma ray 
(17 keV) is emitted in some of the disintegrations in addi- 
tion to the alpha particle, and this gamma emission has 
proved a very satisfactory means of detecting extremely 
minute amounts of plutonium (5). The same method has 
been used with success in the case of U-235 which emits 
gamma radiation of 184 keV in addition to alpha particles. 

Pulse amplitude analysers continue to be required on an 
increasing scale, but with the increasing number in use the 
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handling of the information obtained is creating in turn a 
new problem. In some cases print-out facilities are pro- 
vided and the information is stored on punched cards for 
subsequent analysis using a digital computer. In some 
cases, on the other hand, it is convenient to store the in- 
formation on tape, and this method is becoming very 
popular. 


Determining weak radioactivity 

A very recent development in health physics is the prob- 
lem of ascertaining whether the activity of a weak radio- 
active sample is above or below a pre-determined level. 
Cooke-Yarborough and Barnes have studied this problem 
and attempted to determine the most efficient method of 
making such measurements. This means determining the 
shortest time of measurement with an acceptable low prob- 


ability of error. In the past in hand monitors, for example, 
two circuits have been used, a counting circuit and a tim- 
ing circuit. The counting circuit is fed with charge pulses 
from the counter and these are used to charge a capacitor 
which, when it rises to a set voltage, operates a trigger 
circuit operating the ‘ high’ alarm. Meantime constant cur- 
rent is fed to a capacitor in the second (timing) circuit 
which operates a ‘low’ alarm if it reaches the pre-set vol- 
tage first. At the end of this period both capacitors are 
discharged and the sequence can be started again. 

In the new circuit proposed by Cooke-Yarborough and 
Barnes, charge is fed to a capacitor from the discharges 
of the counter as in the previous system, but a constant 
current (corresponding to that current which would be fed 
to the capacitor with a mpl on the hands) is bled from the 
capacitor. It is, therefore, a differential method. Consider 
now hands being tested with no contamination: the vol- 
tage on the capacitor would fall eventually (at a pre-set 
negative voltage) causing a ‘low’ indicator to operate. 
With heavily contaminated hands being tested the voltage 
would rise eventually (at a pre-set positive voltage) caus- 
ing the ‘high’ indicator to operate. Hands contaminated 
at intermediate levels would cause the voltage to fluctuate 
up and down with the usual statistical variations eventu- 
ally operating either the high or low level indicator. 

This parallel boundary method, as the authors call it, 
provides a considerable saving in time as compared with 
the usual method, and according to computations which 
have been carried out at AERE results in a saving of time 
by a factor varying from 5 to 7 times. 

In urine tests, where counting for 8 hours is common, 
it is now proposed to introduce a preliminary sorting op- 
eration which uses an average sample time of 10 minutes 
for weak samples. The distribution of activity between 
samples is such that only about one sample in a hundred 
is expected to require the more accurate 8 hour measure- 
ment, and the average measurement time for samples of 
this type is thus reduced from 8 hours to an average of 
about 20 minutes. 
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4. Process chemistry 


by G. R. HALL, B.Sc., F.R.LC. 


Reader in Nuclear Technology, Chemical Engineering Dept., Imperial College 


IT HAS BEEN A QUIET YEAR in the field of process 
chemistry and there are few highlights to report. This is 
not altogether unexpected in view of the great deal of 
work reported at the second Geneva Conference. Until 
that time, much of the work in process chemistry, espe- 
cially that concerned with the processing of irradiated 
fuels, was still classified on security grounds. Each of the 
principal processes in use in the USA and the United 
Kingdom were described at Geneva and these are still 
in operation and will be so for some time to come. Present 
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developments have been more concerned with improve- 
ments in detail rather than major changes in philosophy. 
There continues to be much interest in the processing of 
raw materials, but perhaps the most important event in 
uranium processing has been the commissioning of the new 
plant at Springfields. The first step in processing the ores 
or concentrates, involves solvent extraction into TBP 
(tributyl phosphate) using large continuous multi-stage 
mixer-settler box contactors (/, 2). This is followed by a 
batch-operated fluidized bed Dryway plant (3) for deni- 
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tration of uranyl nitrate solution and fluorination of UO, 
to UF,. Magnesium is now used in place of calcium in the 
metal reduction stage. 

The fluidized bed technique has been discussed in many 
papers in the last year and, while its use in the USA and 
at Springfields represents a major advance in uranium pro- 
cessing, it is certain that more applications for this opera- 
tion are likely to be found in the processing of raw 
materials, irradiated fuels and effluent in the future. 


Irradiated fuel processing 

The Butex plant at Windscale continues to process the 
UK’s output of irradiated natural uranium fuel elements. 
A new separation plant is scheduled for construction at 
Windscale to process fuels from civil power reactors and 
from British built foreign power stations. Development has 
reached the stage where detailed design of the plant is well 
under way and this is being supported by a large experi- 
mental programme. Undoubtedly, this will be a process 
based on the use of TBP, diluted with an inert solvent, 
and using mixer-settlers in place of the gravity feed 
columns in the present plant—presumably basically simi- 
lar to the processing plant at Dounreay and at Marcoule, 
which both use TBP and mixer-settlers. The new plant 
will have a greatly increased throughput and this has led 
to the necessity for parts of the process to be under strict 
criticality control. It is planned to make some of the later 
stages in the plutonium metal finishing plant continuous 
in Operation. As it is hoped to make extensive use of salt- 
free steps, increasing use will be made of effluent evapora- 
tion techniques. 

In the USA all major irradiated fuel processing plants 
are still based on aqueous methods—thus Hanford oper- 
ates the Pusex (based on TBP) and the Redox (Hexone) 
processes. Most solvent-extraction studies in the USA and 
elsewhere are devoted to TBP, which has, on balance, the 
most satisfactory properties in extraction characteristics 
and irradiation stability. Alternative solvents, especially of 
the amine type, are under investigation and may turn out 
to be even more satisfactory for some applications. 

A great deal of American development work co1tinues 
on mixer-settlers and on pulsed columns. It appears that 
both techniques find about equal favour. Both offer con- 
siderable advantages in improved extraction conditions 
and the choice for any particular plant seems to depend 
on which US laboratory plans the process. In the UK, 
the decision has been taken to devote most attention to 
mixer-settlers. A paper by Williams et al (4) reviews 
British work, whilst a paper by Rigon ef al (5) reviews 
Oak Ridge studies on the scale-up of mixer-settlers. Roberts 
(6) has described the development of irradiated fuel pro- 
cessing in the USA—he has drawn attention to a large 
number of declassified reports which are now available. 

A considerable American effort is still devoted to the 
development of methods for pyrometallurgical processing, 
but there is very much less interest in the UK and else- 
where. High temperature methods are only likely to 
become important when the fuel element is relatively 
simple and is also not liable to variation in design. The 
only plant under construction is that for EBR-2, where the 
fuel is to be processed by melt refining. The development 
work has been carried out at the Argonne National Lab- 
oratory. Many fast reactor fuels are complex, e.g. the 
Dounreay fast reactor fuel elements, and some are not yet 


102 


of fixed design. For this reason, it would seem that aque- 
ous methods of processing will continue to be of major 
importance in the foreseeable future. 

Present trends in plant design are directed towards an 
improvement in the various unit operations, e.g. in the 
dissolving process, extraction equipment, in geometrically 
safe techniques and, in general, to providing plant which 
is flexible in operation. 


Geometrically safe plant 
There have now been two reported criticality accidents 
in chemical processing plant in America. The first at Oak 
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Ridge in the Y12 (7) plant, in which highly enriched 
uranium is processed, and the second at Los Alamos in- 
volving the working up of plutonium residues. The most 
important feature of both was that the accidents occurred 
under unusual operating conditions and so far there has 
been no accident in any process operating according to 
the designed flow sheet. These accidents have served both 
to underline the need for plant which is sufficiently flex- 
ible for processing a wide range of residue fissionable 
materials, and also to provide a big incentive to the design 
of geometrically safe equipment (see p. 118 this issue). 


Economics of processing 

Much existing plant for fuel processing was planned and 
built at a time when the major consideration was to get a 
process working irrespective of the cost. With the emerg- 
ence of a large nuclear power programme in the UK, it 
is appreciated that the costs of processing raw materials, 
fabricating fuel elements and processing irradiated fuels, 
are important in assessing nuclear power costs. The main 
point that arises from this is that, if fuel processing costs 
are to be kept down, then the plant must be capable of 
dealing with the largest possible amount of fuels and at 
high throughputs. The most costly item in a separation 
plant is the building (and shielding) to house it and the 
cost of individual equipment is relatively small. These fac- 
tors are now being actively studied and one outcome is 
the decision to process all the British civil reactor fuels in 
one large plant of new design. It is to be expected that 
more papers dealing with the economics of processing will 
appear in the near future as the large-scale generation of 
nuclear power gets under way. 
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Problem of effluent disposal 

The most important event in the effluent field was the 
Monte Carlo Conference in November (see Worldview this 
month). This was concerned both with processes and with 
the environmental aspects of effluent treatment. Although 
little new in processes was reported, there was a great 
deal of discussion concerning the advisability of disposal 
to the sea. Despite criticisms, there does not appear to be 
any evidence for presuming that any danger arises from 
British methods of disposal. In fact, a very real attempt 
is being made to study the whole problem of waste dis- 
posal and its possible environmental effects. Thus plans 
have been made to investigate the effects of controlled 
small concentrations of radioactivity on natural food 
chains. This is to be carried out in specially constructed 
ponds at Windscale. 

A considerable effort is being devoted to investigations 
into methods for ‘fixing’ highly active wastes, e.g. in 
glasses and by other methods. An American method, re- 
ported at Geneva, uses a fluidized bed for dealing with 
such effluent and the technique appears promising for 
large-scale application. These represent big advances over 
present methods for storage of highly active wastes and 
big changes in the techniques of effluent disposal are to be 
expected as a result of such studies. 


Fission product separations 

There seems to be no immediate plan for installing a 
large-scale caesium separation plant at Windscale. A tem- 
porary experimental plant produced sufficient caesium-137, 
from fission product wastes, for five sources of about 1400 
curies. This work was completed in 1958 and it appears 
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that future British large radiation sources will, according 
to present plans, rely on cobalt-60 produced in the Calder, 
Chapelcross and the civil power reactors. Very much larger 
caesium sources have been prepared in America (8). The 
Oak Ridge pilot plant is currently producing 200,000 curies 
of caesium per annum. 

The last year has seen some interesting small-scale 
separations at Windscale. The extraction of some 100 
grams of neptunium has been completed. The process in- 
volves the separation of neptunium from aqueous raffinates 
arising in the uranium purification cycle by a combination 
of solvent extraction, ion exchange and precipitation tech- 
niques. Similar separations for neptunium have been re- 
ported in the USA. 

Protactinium, of the order of 100 grams, has also now 
been separated at Windscale by a method described at 
Geneva. This must be the largest amount of separated 
protactinium in existence. It was obtained from waste pro- 
ducts from the Springfields uranium plant. 

Another interesting element to have been separated in 
gram quantities is technicium. This has been extracted by 
ion exchange techniques from fission product wastes but 
no details of the process have been published. 
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Irradiation behaviour of uranium 


The use of natural uranium for the current series of 
CEGB reactors has sustained interest in the irradiation 
behaviour of uranium and its very dilute alloys. Work 
reported by Greenwood at AERE has shown that swell- 
ing due to fission product gases above 450°C can be ex- 
plained by the enhanced creep of the anisotropic uranium 
matrix resulting from the superimposed intergranular 
stresses from thermal cycles of +10 to 50°C. A ten- 
dency has been noted for the relatively abrupt formation 
of large bubbles in some samples for critical conditions 
of temperature and burnup. These large bubbles are usually 
associated with large swellings, depending upon the mode 
of nucleation of the gas bubbles. It is believed that crack 
formation is important at the bubble nucleation stage. 

Work by Buckley at AERE and Stobo at Parsons indi- 
cates that the deformation caused in uranium by phase 
transformation cycling can be explained by the relative 
strengths of the alpha and beta or beta and gamma phases 
on either side of a transformation interface. It appears 
that the effect of partial transformation of a fuel element 
will not be serious unless more than 10-20% of the dia- 
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meter is transformed, thus giving the possibility of a use- 
ful relaxation on the centre temperature of a fuel element. 

British scientists, particularly Harding at AERE, and 
Lehmann in France, have shown the considerable impor- 
tance of metastable phases formed when alloys based on 
the body-centred cubic gamma-phase of uranium are 
quenched. This work is not only systematizing the condi- 
tions under which variants of the gamma and alpha struc- 
tures form, but is also showing the profound effect these 
structures have on metallographic and mechanical proper- 
ties. Uranium-molybdenum alloys have been signalized 
for their irradiation stability by British, French and Ameri- 
can workers, the more dilute alloys being claimed to have 
grain size stability and the more highly alloyed having 
enhanced swelling resistance. At Argonne National Labora- 
tory, the use of similar uranium alloys containing all fis- 
sion product elements present after high temperature re- 
processing is still receiving considerable support for the 
EBR-2 reactor. 


Plutonium research and technology 
Work on plutonium is expanding in both fundamental 
research and the technology of plutonium fuels. Two topics 
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of particular fundamental interest are the large number 
of allotropic forms plutonium exhibits and the unusual 
behaviour of the face-centred-cubic delta-phase which 
exists between 320 and 450°C. Work by Lee and Mardon 
at Harwell has greatly increased our knowledge of the 
properties of the various phases including the delta-phase 
at temperatures down to 1°K. These have shown general 
similarity in behaviour among the relevant phases of 
uranium, neptunium and plutonium. The anomalous be- 
haviour of the delta-phase of plutonium disappears when 
studied outside its normal range of stability, confirming 
that special electronic effects are operating in the region 
where delta and delta’ are stable. Mardon’s work at AERE 
on the alloy systems of neptunium with plutonium and 
uranium has shown extensive solubilities in the complex 
low temperature modifications giving promise of a further 
understanding of these complex structures. 

Studies of the technology of plutonium by Mardon and 
Poole have shown that a number of possible fuel materials 
for fast reactors and spike enrichment of thermal reactors 
exist. Uranium-molybdenum-plutonium alloys and a num- 
ber of cermets based on PuO. have been shown to have 
irradiation and metallurgical stability. A liquid plutonium- 
cerium-cobalt alloy fuel has also been shown to have 
promise for the LAMPRE-type reactor concept. 

Outside Britain, the plutonium fuel fabrication facility 
at Argonne National Laboratory has been formally opened 
and will be used to fabricate fuels on a semi-production 
basis. The Plutonium Recycle Test Reactor fabrication 
facility is also nearing completion at the Hanford Works 
and will match the ANL facility in its scope if not in 
engineering sophistication. 


Thorium alloy systems 

Information on the constitution of several thorium alloy 
systems has become available recently from the UK, USA, 
and USSR. Alloys studied include Th-Ce, Th-Pu, Th-Al, 
Th-U, Th-Zr, Th-U-Zr, Th-U-C, ThC-UC, ThC-ZrC and 
ThC-UC-ZrC. Several of these systems have possible appli- 
cations as fuel element materials since unalloyed thorium 
has poor mechanical properties. As a first stage in the 
development of thorium-rich alloys with improved creep 
strength, the tensile properities at room and elevated tem- 
peratures and hot hardness characteristics of thorium and 
several thorium-rich alloys have been investigated in the 
UK while the mechanical and physical properties of 
thorium-rich Th-U alloys have been studied in detail by 
Bentle. 


Magnesium alloys 

Recent work in this country on magnesium-based can- 
ning alloys has been concerned with recrystallization and 
failure effects in Magnox Al2 and ZA. The latter alloy, 
containing approximately 0°60 wt’, of zirconium, is also 
being considered as an alternative canning material to 
Magnox for some particular applications. Failure associa- 
ted with cavitation, which can occur under certain stress 
conditions over the temperature range 200 to 400°C, is 
currently receiving attention, and efforts are being made 
to correlate failure mechanisms with grain-boundary effects 
and with grain-size stability. The control of grain-growth 
by zirconium additions, as in ZA, is being studied, and 
recently published French work has indicated that almost 
complete grain-size stability can be achieved by heat- 
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treating such alloys in hydrogen. More work remains to 
be done in order to determine the causes of these effects, 
and to establish whether such stabilized materials are suffi- 
ciently ductile at low strain-rates to permit them to be used 
for fuel-element canning. 


Aluminium alloys 

The possibility of developing an aluminium alloy to 
replace zirconium in pressurized water reactors still exists 
and has been investigated extensively at Chalk River. The 
difficulty in interpreting results from various laboratories 
due to wide scatter has been essentially resolved and it 
is now clear that the ratio of water volume to specimen 
surface area in the corroding system is a dominating fac- 
tor. The Chalk River work has shown that, in static auto- 
clave tests, the aluminium-nickel-iron alloys are additively 
improved by tke presence of small amounts of titanium, 





This typical section of an irradiated uranium specimen 
increased in volume by 146% after 0-34°% burnup at 
600°C. Subjected to severe temperature fluctuations during 
irradiation, the specimen contains large holes as well as 
intermediate and fine porosity (x 15) 


beryllium and zirconium. In dynamic loops, however, the 
differences in corrosion behaviour between the various 
alloys are very much less and the advantages of alloying 
are reduced. Experiments on inhibition indicated that SiO, 
is effective in neutral solutions when present in the range 
300-1000 ppm (phosphoric acid is effective only at pH 
values of about 4). Chalk River opinion is that aluminum 
might not be competitive with zirconium even on a straight 
economic basis. 

Harwell work by Wanklyn and Wilkins on dry steam 
corrosion showed that aluminium-nickel-iron alloys are 
reasonably good to temperatures somewhat above 300°C 
but between 400°C and 500°C heavy penetrating attack 
occurs. On the other hand SAP is good at high tem- 
peratures but poor up to about 300°C. The combination 
of alloying with the SAP principle has been tried with a 
1% nickel alloy and the results indicate that good corro- 
sion resistance is obtained over the whole temperature 
range of interest. 


Properties of beryllium 


The development of the prototype Advanced Gas Cooled 
Reactor, in which beryllium is the proposed canning 
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material, has stimulated interest in the fabrication and 
properties of the metal. 

The effects of heating on beryllium irradiated at 70°C 
to an estimated total dose of 7°6 107! nvt fast neutrons 
cm* has been reported by Rich, Redding and Barnes, and 
Ells and Perryman. The irradiation caused considerable 
hardening of the beryllium and a helium content of the 
order of 10cc per cc of metal at NTP had been formed, 
mainly by the (n,2n) reaction. Heating to above 600°C 
caused bubbles of helium to appear at the grain boun- 
daries with an associated fall in hardness and density. 

The suspected phase change in beryllium at high tem- 
perature has been identified by Moore and Martin: at 
about 1250°C X-ray analysis showed that the crystal struc- 
ture of beryllium changes from hexagonal to body-cen- 
tred cubic. A detailed analysis of the effects of texture and 
grain size on beryllium sheet with room temperature ten- 
sile elongations of up to 40% has been published by Green- 
span. This highly oriented sheet cannot, however, accom- 
modate complex plastic deformation. 


Constructional steels 


The problem of brittle fracture in steels has received, 
and is still receiving, considerable attention both theoreti- 
cally and experimentally. The importance of this prob- 
lem in the nuclear power industry is highlighted by the 
recent failure during construction of the 4in. thick pres- 
sure vessel for the French reactor EpF-1. A brittle crack 
originated at a weld in the lower section of the vessel and 
propagated for a distance of about 30 ft. 

Cottrell has published a new theory of brittle fracture 
in which it is suggested that crack propagation, and not 
crack nucleation, is the difficult stage in fracture. Accord- 
ing to this theory a crack can be nucleated in body-centred 
cubic metals by coalescence of two edge dislocations. Com- 
plete fracture occurs if the crack size is greater than the 
Griffith value and if it is less stable, microcracks are 
formed blunted by plastic deformation. A ductile-brittle 
transition occurs if the following two relations are satis- 
fied: 

(o;d! t ky)ky Bry vies. 
where 

Cj 3, T kydt — (2) 
where o; is a measure of the frictional resistance to the move- 
ment of dislocations, 2d is the grain size, ky is a measure of the 
dislocation locking stress, o, is the lower yield stress, 8 depends 
on stress distribution being unity for uniaxial tension and 4 


at the root of a plastic notch in hydrostatic tension, 4 is the 
shear modulus, y is the effective surface energy. 


It has been shown that in an En 2 steel (0°15% C, 
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06% Mn, 0:12% Si) irradiated at 50-100°C, the principal 
effect of irradiation is to increase the term which un- 
balances equation (1) and raises the transition tempera- 
ture. For the En 2 steel with a grain size of about 1000 
grains/mm2 the increase in transition temperature is 
roughly proportionl to the cube root of the neutron dose: 
AT = 1759} 
where ¢ is the integrated neutron dose in units of 10" thermal 


n cm™ in positions where the ratio of thermal to fast flux is 
about 10:1. 


Uranium oxide 


The available data on the behaviour of UO, as a reactor 
fuel is based mainly on Canadian and American informa- 
tion. Experience there indicates that high density (~ 10°4 
g/cc) stoichiometric UO, is basically a satisfactory reactor 
fuel providing it is sheathed in a suitable can. Most of 
their irradiation work however has been carried out in 
support of water-cooled systems. 

Experiments so far have been concentrated on relating 
the fuel element ratings with temperature distribution 
through the fuel elements, consequent structural changes, 
and fission gas release with the associated build-up 
of pressure within the can. Due to the uncertainty of 
values for the thermal conductivity of UO, and its varia- 
tion with temperature, particularly after irradiation, it has 
been found convenient to use a parameter {kd@ to specify 
the irradiation condition as this integral can be evaluated 
knowing the fuel diameter and rating. 

Although this allows comparison to be made for ele- 
ments under similar conditions, to translate these results 
to a different system some specific temperature indication 
must be available, e.g. fuel surface temperature. This is 
particularly important when considering the release of 
fission product gases. Canadian results would indicate that, 
providing the centre fuel temperature is kept below 
1500°C, corresponding to a value of {kd@ of 30 watts/cm 
for a fuel surface temperature of 400°C, less than 1% of 
the gas will escape for a burnup of 10,000 MWd/T. 

The Canadians have carried out a larger number of 
very short term irradiations (~ 3 min) and have observed 
most of the phenomena seen in high burnup experiments, 
that is, in the high-rated fuel elements, radial cracking, 
grain growth and centre melting. This type of irradiation 
experiment is extremely useful for studying the effects of 
variables, e.g. fuel density, fuel/can gap on the value of 
fkd@ for grain growth or centre melting. It remains to be 
proved how long-term burnup effects would alter the value 
of the integral. 


by A. G. MADDOCK, M.A., Ph.D., D.LC. 


Lecturer in Chemistry, Cambridge University 


APPLIED RADIATION has retreated into the laboratory. 
In the several meetings dealing with this subject during 
the last year. the FAO Conference at Harwell at the end of 
1958 (/) the mid-summer conference at MIT and the 
I.A.E.A. Conference (2) at Warsaw in September, an at- 
mosphere of pessimism has submerged the hopes of imme- 
diate large-scale application of irradiation for the 
preservation of food. Clearly a prolonged period of further 
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investigation will be necessary before industrial application 
becomes likely. In addition to doubts as to the economic 
possibility of preservation by irradiation, investigations 
released at the conferences show that the nutritive value of 
the product and the absence of harmful effects of the 
irradiation must be questioned. However, it is quite likely 
that the somewhat irrational enthusiasm for this applica- 
tion, common a year or two ago, has simply been replaced 
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by slightly less unreasonable doubts engendered by the 
most recent laboratory results. The only acceptable basis 
for this industrial application is the combination of a 
satisfactory economic analysis with promising and reliable 
results from a lengthy and comprehensive series of labora- 
tory tests. 

The outlook for radiation sterilization of pharmaceuticals 
and similar products seems rather unfavourable. Not a 
great deal of new information has appeared during this 
year. The routine sterilization of sutures by radiation by 
the Ethicon Corporation of New Jersey remains one of the 
very few actual plant scale applications of radiation and 
it is stated to be economically competitive with the more 
conventional methods (3). 


Limited chemical applications 

The use of radiation in the chemical industry remains 
very limited. In most cases, products possessing similar 
properties can be produced more cheaply by alternative 
methods: radiation is effective through radicle production 
and these can usually be generated by alternative proce- 
dures. It has been repeatedly observed that an economically 
competitive radiation synthesis must either have a very 
high yield, or G value, involve materials of very high 
molecular weight or produce a novel product. Applications 
in the plastic field fall into the second of these categories. 
The likelihood of eventual industrial application on a large 
scale still seems high in this field, although alternative 
conventional methods of production often seem to follow 
the discovery of promising radiation products. Attention is 
being directed especially to radiation-induced copolymer- 
ization (4). So far, there have been very few examples of 
novel chemical products so that it is interesting to report 
that Henglein described a new compound, first prepared 
by a radiolytic reaction at the Warsaw meeting. 

Amongst a wide variety of publications dealing with 
different aspects of applied irradiation, attention is drawn 
to the following points and papers. The controversy over 
the relative economic merits of accelerators and isotopes 
for irradiation has abated to some extent. It is generally 
agreed that accelerators are cheaper at present for thin 
samples but that isotopes or fuel element sources are, or 
will be, cheaper when the sample size demands a pene- 
trating radiation. A detailed and generally unfavourable 
analysis of the use of a circulating loop running through 
a reactor to provide a field of purely ionizing radiation, 
using a reactor, has been made (5). A convenient review 
of the principal methods of dosimetry has appeared (6) 
and a description of the new irradiation facility at Wan- 
tage (7). 


Isotope techniques still spreading 

Although the spectacular progress of recent years has 
not been maintained, radioactive isotope techniques con- 
tinue to spread over a wider and wider cross-section of 
industry. A recent statement of the USAEC reveals con- 
tracts they have placed for investigation of applications in 
the textile, detergent, petroleum, food processing, metal- 
lurgical and gas industries. Early in the year, a translation 
of a Russian review appeared which summarized much of 
the Russian work on metallurgical applications and in- 
cludes a very convenient compendium of references to this 
work up to 1957. Some of the simplest applications, such 
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as flow and mixing studies, remain the most profitable. An 
interesting paper shows how a continuous recording of the 
activity leaving a system after injection of a pulse of 
active material at the input stage can be used to detect 
leaks in the system (8). 

Industrial radiography continues to employ more and 
more sources and many welded devices receive routine in- 
spection by radiographic methods with isotope sources. It 
still seems doubtful whether such users can consume any 
appreciable proportion of the huge output of Cs-137 that 
has been promised for the near future. 

Because of its negligible radiotoxicity (85) krypton has 
considerable possibilities for industrial application. As a 
rare gas forming virtually no compounds, it is rather in- 
convenient to handle. An interesting proposal has been 
made to utilize the clathrate compound it forms with 
quinol. If quinol is crystallized from solution in the pres- 
ence of a considerable pressure of krypton, a compound 
separates which contains krypton atoms trapped in the 
cages formed by the hydrogen bonded quinol lattice. Under 
favourable conditions, the composition approximates to 
one atom of krypton to three molecules of quinol. Even 
in high vacuum, this compound liberates a negligible pro- 
portion of the krypton. Provided the compound has the 
necessary radiation stability, it should provide a novel 
solution to the problem of handling Kr-85 (9). 

Activation analysis is another application of radioactive 
techniques that makes steady, if unspectacular, progress. 
During the year, a successful conference on this subject 
was organized by the [AEA in Vienna; in addition a very 
valuable review has been published by Atkins and Smales 
(/0). Using neutron activation the method is especially 
satisfactory for the determination of Dy, Eu, Au, In, Mu, 
As, La, W, Cu, Ga, Ta, Na, Cs, Co, P, Rb, Ba, Hg, Cl 
and U. However, many applications of the technique using 
other bombarding particles or alternative reactions to the 
(n,y) reaction are finding use. Oxygen may be determined 
directly in organic compounds using a betatron and the 
‘60 (y,.n)'°O reaction. Both oxygen and carbon can be de- 
termined in beryllium by the same technique and the 
former element can also be determined by fast neutron 
irradiation (//,/2). Both methods are suitable to the deter- 
mination of tens of parts per million of these elements in 
beryllium—a notoriously difficult estimation by conven- 
tional methods. Isotopic composition can also be deter- 
mined in this way in some cases—U-235/U-238 ratios can 
clearly be estimated by slow neutron irradiation and mea- 
surement of a fission product activity. A less conventional 
example (/0) is the determination of the '®°O content of 
water by slow neutron irradiation of a solution of a lith- 
ium salt in the water, followed by measurement of the !°F 
activity °Li(n,a)T,’°D(t,n)'*F. Such charged particle reac- 
tions are peculiarly suitable in the determination of light 
elements. 
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THE LAST few pre-criticality hours must 
have been pretty tense at Dounreay 
last month (and at NUCLEAR POWER’S 
editorial offices too, judging by the 
speed of their appearance’ with 
features on it). I must admit I wasn’t 
present at the Dounreay ceremony but 
hereby pass on a couple of items from 
one who was. 

As the fast reactor approached criti- 
cality a chart recorder was plotting 
out one of the vital curves. Just at the 
crucial (and critical) moment the many 
eyes fastened on it saw the curve 
vanish. The ink supply had failed. In 
order to find out what the reactor was 
up to one of the staff had finally to 
resort to squeezing in a few drops by 
means of an eye dropper. This should 
have been enough for one startup in the 
way of silly mishaps, but after a year 
of fiddling about the reactor was evi- 
dently determined to have its moments 
of drama, and a minute or two later 
the alarm tripped. Bells and red lights 
sent everyone moving rapidly to cover 
until it was realized that only the elec- 
trical system was at fault. Apart from 
these bits of custard pie stuff the 
whole operation went off very smoothly 
indeed, and I think congratulations to 
all the staff are in order. 


— 


WONDER if I am more touchy than 
the average man about units? My own 
troubles started at school where I first 
lost sight of land during the sixth form 
physics class, and doubts were only 
increased by a university engineering 
course. When I had at last achieved 
an unsteady equilibrium by floating 
with one foot on each of the electro- 
static and electromagnetic systems, as 
it were, with a tow-rope to the foot- 
pound finally sub- 
merged by the introduction of metre- 
kilogramme-second units 
or was it unrationalized? 
Since then I have concentrated on 
the ordinary metric system and defend 
it against all comers (it is the only one 
I can work in with safety). I violently 
disapprove of any further innovations 
and was, therefore, rather irritated to 
come across megawatt days per fon in 
a recent Atomic Energy Authority 
publication. The figures were included 
in a paper by Sir John Cockcroft and 
referred to the burnup of Calder 
Hall fue! elements. Wondering 
whether the normal tonne was inten- 
ded, I phoned the AEA. They did not 


seconds, I was 


rationalized, 
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know, but they did ask Sir John’s pri- 
vate secretary. She did not know; when 
asked to check against the original 
paper she said that Sir John had got 
it. Further search for information re- 
sulted in the news that Sir John could 
not be contacted as he was away. 
These units will finish us all, in the 
end! 


ATTENDING the second international 
conference, in Hamburg, for the appli- 
cation of nuclear power to marine pro- 
pulsion, I felt very lonely; apart from 
one lone Rear Admiral, retired, with a 
watching brief for a European organ- 
ization, nobody represented, let alone 
spoke up for, the British merchant 
services. Of over seven hundred people 
attending, predominantly shipbuilders 
or shipowners, the largest contingent, 
outside of Germany, came from Japan. 

Over the past seven months I had 
heard that the Atomic Energy Au- 
thority had (1) put forward proposals 
to the Galbraith Committee for the 
application of Advanced Gas-cooled 
marine propulsion; (2) 

them; (3) put them in 


reactors to 
withdrawn 
again. 

I had to go to Hamburg to find out 
what the AEA has been doing and 
learned that at least up until last 
May their work was very comprehen- 
sive indeed. An extensive review of 
various systems was given at the con- 
ference together with a detailed cost 
estimate for a range of AGr’s. It is 
rather surprising that this information 
was not available in the UK 
first. 


made 


ONE of the best organized official cere- 
monies I have been to for a long time 
was the inauguration of Jason at 
Hawker Siddeley Nuclear Power works 
in Slough. A star-spangled guest list 
of 150 and a large crowd of journal- 
ists assembled to watch Sir John Cock- 
croft bring the reactor up to power. 
To attempt to squeeze everyone into 
the reactor building—a handsomely 
converted hangar—was obviously out 
of the question. So a large marquee 
was put up next door and the cere- 
mony relayed on a series of closed 
circuit television sets. This was backed 
up by a large working model of the 
reactor, on which the steps to critical- 
ity were demonstrated, and a giant log- 
power meter. To the accompaniment 
of a most professional running com- 


mentary from the reactor building, we 
saw the source driven in, safety rod 
out, water level up, a stringer inserted 
containing a magnesium specimen, 
fine control rod withdrawn, divergency 
warning, and reactor operating lights 
on. When the power reading was taken 
the microphone was handed to Sir 
John who said, ‘Well, I think the 
reactor is now critical ’. 

While Sir John and Hawker Siddeley 
officials returned to the platform the 
magnesium specimen was _ irradiated 
and after half-an-hour was unloaded 
and sent direct to Slough College of 
Further Education. From the platform 
Cockcroft said, ‘I am glad to have 
had the opportunity of demonstrating 
my skill in starting up reactors. You 
will have noticed through the T.V. 
that everything has gone perfectly and 
safely °. And indeed it had. 

He went on to poke a little gentle 
fun at small-time reactor owners: * In 
looking round the world we see that 
it is now considered just as essential 
for a country, however small, to have 
at least one research reactor as to 
have a national air line or a_ T.V. 
station ’. 


SUPPOSE no-one but the present 
chairman of the Central Electricity 
Generating Board, when making a plea 
for a more sympathetic approach to 
the Board’s problems in siting its 
stations, would present the 
opposition with some objections it 
hadn't thought of, Addressing the Royal 
Society of Arts recently he argued that 
it didn’t really matter whether a pro- 
posed site was beautiful or not: that it 
piece of hitherto unbuilt-on 
countryside was sufficient objection in 
itself. It was useless to claim that on 
the broad promontory of Dungeness a 
nuclear power station would provide a 
dominating and challenging feature, he 
thought. ‘ The man who goes to fish 
from the beach at Dungeness doesn’t 
worry that it is featureless. He goes 
precisely because it is deserted. The last 
thing he wants there is a challenge from 
man. Objection on these lines is seldom 
voiced at our inquiries. I doubt 
whether the average man is conscious 
of it. The main objections, therefore. 
come through bodies such as_ the 
National Parks Commission and the 
Conservancy Societies.” 


power 


was a 


On record 


One of the first questions a shipowner 
thinking in terms of a nuclear-powered 
vessel must ask is: ‘When will fuel 
be available for commercial use; what 
will be the price to be paid for it; 
will supplies be assured 
vears ?’—C. C. Pounder, Vice Presi- 
dent, I.Mar.E. 


over the 
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The second international conference on marine propul- 


sion by atomic power recently gave an opportunity 


for discussion on national nuclear ship programmes 


Prospects for nuclear powered 


Report from Hamburg by C. E. 


GREAT INTEREST in the application 
of nuclear energy for marine propul- 
sion is now being shown throughout 
the world. At the Second International 
Conference, held in Hamburg at the 
end of last November, some fifteen 
nations were represented. Organized 
by the Studiengesellschaft zur Forder- 
ung der Kernenergieverwertung in 
Schiffbau und Schiffahrt E.V. (the 
Research Institute for the application 
of nuclear energy in shipbuilding and 
ship navigation) 750 shipping and 
nuclear experts reviewed the work that 
has already been carried out and dis- 
cussed possible developments. 

To date oniy the Americans and 
Russians have had any practical ex- 


perience in the building and operating 
of nuclear marine propulsion units. It 
was generally agreed that while OmrRs, 
PWRs and, to a lesser extent, BWRs 
were available for immediate con- 
sideration, it would be necessary to 
investigate more advanced types of re- 
actor if economic operation is to be 


ships 
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achieved in the not too distant future. 
The plant most likely to be successful 
in this respect is the gas-cooled closed- 
cycle gas turbine type. In an evaluation 
of the different propulsion systems, the 
Nuclear Projects Office of the US 
Maritime Administration have esti- 
mated the relative costs over the next 


US estimated costs for 30,000 shp vesse! 





SYSTEM CAPITAL OPERATING EFFICIENCY FUEL COST 
COST COST 
($M) (mills/shp/h) (%) (mills /shp/h) 
1965 1975 1965 1975 
BWR 10-6 9-50 27°4 31-0 2:51 2:27 
PWR 12-0 12-18 23-6 32-0 4-46 3-58 
OMR 10-9 10-77 24-0 29-0 3-05 2-62 
GCR 10-9 9-17 35-0 42-0 2-04 1-79 














THE AEA'’s DESIGN. 











y 


x = SSesees 














A marine AGR for 
a 22,000 shp tanker 
65,000 tons. 


. 6 in, polythene 

. 6 in, lead 

. containment access 
top shield 
containment 
structure 

. containment space 
(COs atmosphere ) 
. charge face 

. steam turbine 
blower unit 

. internal neutron 
shield 

. heat exchanger 

. reactor core 

. heat exchanger 
14 in. steel shot 
concrete contain- 
ment shielding 

. bottom shield 

. water shield tank 
. 27 in. water 


° 
> 


wrn-Oo © ON DF Mtwnr- 





owns 











14 in. steel primary 
shield, and 
17. pressure vessel 











fo} T 
108 





fifteen years for a 30,000 shp unit. 

The operational advantages of the 
GCR are that efficiency can be main- 
tained over 50-100% load range; 
rapid startup and load changes are 
feasible; and core thermal capacity 
can absorb initial after-heat. The 
maintenance advantages of the GCR 
lie in a long reactor life; simple one- 
fluid systems; a non-wetting coolant ; 
no induced activity in the coolant ; and 
no corrosion by the coolant. Further, 
the system offers advantages in safety 
in that emergency cooling by air and 
sea water could be effected; and the 
coolant is chemically inert. 

While not going quite as far as the 
Americans, the UK Atomic Energy 
Authority, in a paper by R. P. Kinsey 
and H. W. Bowler, presented by 
S. Fawcett, Deputy Director of 
Reactor Engineering, reviewed their 
work between January 1958 and May 
1959. The feasibility and economics 
of nuclear marine propulsion for a 
65,000 dwt tanker of 22,000 shp were 
examined and five systems were eva- 
luated in connexion with the Galbraith 
Committee (see NUCLEAR POWER, June 
1959, pp 89-91 and August 1959, pp 
76-81). Estimated costs were for such 
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ESSO BOLIVAR. 
The first Western 
European merchant 
vessel to be nuclear 
propelled. This 
15,000 ton tanker is 
to be fitted with an 
OMR by a Hamburg 
group of shipping 
firms 


a vessel operating 300 days per year 
at full power. 

Mr. Fawcett did not think that 
the gas-cooled systems would prove 
economical for a long time and sug- 
gested meanwhile that improvements 
could be made to the PWR, BWR and 
OMR types. He said that Ppwr’s could 
use lower pressures to enable boiling 





constructional and 


centred on 
navigational problems. Projects sche- 
duled to start in the immediate future 
included marine installations in Ger- 
many. Japan and the Netherlands. 
The Hamburg group of shipbuilders 
and owners forming the Research 
Institute have taken up an option on 
the Esso Bolivar, a 15,256 dwt tanker 


Was 


UK estimated costs for 22,000 shp tanker 








HULI PROPULSION REACTOR TOTAL ANNUAL FUEL COSTS 
Operating 

(£M) (£M) (£M) (£M) Pence/shp/h 
Conventional ship 2-90 1-20 1-055 
AGR 2°90 1-07 3-33 1-569 0-437 
GCHWR 2-90 1-07 4-03 1-746 (0-549 
PWR 2-90 1-12 1-98 1-454 0-561 
BWR 2-90 1-07 153 1-361 0-535 
OMR 2-90 i-T2 1-58 1-432 0-568 
within the core to take place; the and are going to install an OMR pro- 
form factor could be improved to pulsion unit. This will be built by 
boost economy ; the addition of heavy Interatom, a German company, jointly 
water would improve neutron eco- formed by Demag and Atomics Inter- 
nomy; and the number of control national and scheduled to be installed 


rods could be reduced by using burn- 
able poisoning. 

Direct cycling could reduce the cost 
of BwR’s but special care would have 
to be taken to prevent contamination. 

The only suggested improvement in 
OMR’s was that put forward earlier in 
the year. That is, to improve the fuel 
elements, especially the canning, and 
here beryllium could possibly be em- 
ployed. 

It is the AEA’s opinion that ulti- 
mate fuel costs should come down to 
between 0:25 and 0°35d/shp/h but so 
far no definite plans have been made 
in the UK to build any form of mer- 
cantile nuclear propelled vessel. 


Practical applications 

The advances made in marine pro- 
pulsion over the past two years were 
clearly shown at the meeting in that 
at the previous conference in 1957 
the discussions were mainly of a 
theoretical nature but now the work 
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in 1962 ready for sea trials in 1963. 

In Japan, Mr. M. Yamaguchi of 
Mitsubishi Shipbuilding & Engineer- 
ing Co. Ltd. said, five classes of 
vessels had been evaluated and _ pro- 
posals submitted to the Japanese 
Atomic Energy Commission by a Spe- 
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cial Committee on Nuclear Ship Pro- 
pulsion. These were: 
SHAFT TONNAGE 





TYPE 
HORSEPOWER 

Emigrant 22,000 17,000 (gross) 

Experimental 8,000 4,000 (gross) 

Oil Tanker 40,000 45,000 (cargo 
capacity) 

Oil Tanker 20,000 20,000 (cargo 
capacity) 

Oil Tanker 10,000 20,000 (cargo 


capacity) 


It is proposed that construction of 
the small experimental ship will be 
started early in 1960. 

The Netherlands, said J. P. Huls- 
man, a director of Stichting Kern- 
voortstuwing Koopvaardijschepen, the 
SKK, had concentrated their marine 
work in his organization which is made 
up of both shipbuilders and owners. 
Like Germany, the SKK proposes to 
first install a reactor in an existing 
tanker. The project, however, does not 
envisage the use of this plant for pro- 
pulsion but merely to power auxiliary 
services while at sea. The object of 
this arrangement is to allow the tanker 
to operate as an economical unit all 
over the world. 

Another project in Holland is for 
a 60 MWt pwr and Reactor-Centrum 
Nederland, RCN, have cooperated. 
The design study has been completed 
and detailed work is now in hand. 
Construction is scheduled to start in 
1963 and operations to commence by 
1965/66. 

In addition to work on these new 
projects, a programme has been deve- 
loped in the United States for the NS 
Savannah, launched on July 21, 1959. 
Mr. Ralph W. Deuster of the Babcock 
& Wilcox Co. said that before this 
vessel was ready to assume full duty 
in the US Merchant Fleet a vigorous 
test programme would be completed. 
A Combined Test Committee, CTC, 
had been established with members 
from the Maritime Administration, the 
AEC, the New Yorn Shipbuilding 
Corp., Babcock & Wilcox and States 
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Marine Lines Co., who are to be the 
eventual operators. The programme 
will be in six phases. 

Phase One—at present being carried 
out—preoperational integrity tests. 
Phase Two—when all equipment ex- 
cept core is ready—systems will be 
operated at rated pressures and tem- 
peratures, using a supplementary heat 
source. 

Phase Three—critical and zero power 
testing. First criticality is expected to 
be achieved during late spring 1960. 
Phase Four—sustained reliability 
operations. This will form the basis 
for authorization of sea trials. 

Phase Five—sea trials. 

Phase Six—limited commercial opera- 
tion, expected to last about two years. 
Mr. Deuster stated that Babcock & 





Wilcox were already in a position to 
proceed immediately with the con- 
struction of PwrR’s for marine pur- 
poses and which have considerably 
improved performance. 


Gas-cooled reactor plans 


Dr. William I. Thompson introduced 
the Maritime Gas-cooled Reactor, 
(MGCR) Programme which is_ being 
carried out by General Dynamics’ 
General Atomic and Electric Boat 
Divisions and is sponsored jointly by 
the United States AEC and Maritime 
Administration. The system couples a 
GCR to a_ closed-cycle gas-turbine 
power plant and aims both at attaining 
higher temperatures from the nuclear 
source and using these higher tem- 
peratures more efficiently. Helium will 
be employed as the coolant and beryl- 
lium oxide will be used for both the 
moderator and reflector. Two types of 
fuel elements, one heterogeneous and 
the other semi-homogeneous, have 
been considered. The loading will have 
a 5°% enrichment and an anticipated 
burnup of five years at full power. 

The development of the MGcR is 
scheduled to be made in three stages. 
A land-based 50 MWt prototype will 
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first be built, the basic design of which 
has now been completed and accord- 
ing to the present schedule, test opera- 
tions will start early in 1964. This unit 
will operate at a maximum pressure 
of 800 1b/in? and at a reactor outlet 
temperature in the range of 1300°F 
to 1500°F. At the lower temperature, 
the reactor is anticipated to achieve a 
basic cycle efficiency of 32%. 

The second stage will be the con- 
struction of the first seagoing version 
of the MGcR, to be known as the Mark 
1, which will be operated with higher 
outlet temperature and working pres- 
sure than the land-based unit and 
aims at achieving a basic cycle effi- 
ciency of 37%. It is expected that the 
Mark I will be competitive with the 
then current oil-fired ships. 


GEESTHACHT RE- 
SEARCH STATION. 
At this  establish- 
ment devoted to 
nuclear marine pro- 
pulsion, the 5MW 
FRH reactor is the 
principal facility 


The mMGcrR Mark II will form the 
third stage and will combine the ad- 
vantages of experience gained with 
the earlier reactors and advances in 
materials and turbomachinery. The 
anticipated 40% or higher thermody- 
namic efficiency will be greater than 
that of any other marine power plants 
of comparable power rating. 

Reviewing the GEC/Simon-Carves 
GCR marine project, Mr. M. C. Hart- 
nell-Beavis, while omitting any refer- 
ence to detailed capital or operating 
costs, said that eventually GEC ex- 
pect to get the fuel costs down to be- 
tween 0-17 and 0-19 pence/shp/h. 
Anticipated improvements would be 
in the development of more efficient 
canning materials. In two years’ time, 
graphite for this purpose should be 
available which by new methods of 
fabrication would be impermeable and 
not simply impregnated. 


Research facilities 

The Hamburg Institute is the first 
organization to operate a research re- 
actor devoted solely to the study of 
marine propulsion. This is the 5 MW 
FRH swimming pool reactor, at Geest- 
hacht on the River Elbe near Ham- 


burg, and has four special pools and 
enlarged irradiation cells suitable for 
testing large fabricated sections applic- 
able to marine installations. 

In Japan the 46°7 MWt Bwr of the 
Atomic Energy Research Institute will 
also be employed on marine propul- 
sion research. At other centres in 
Europe, specialized research is now in 
progress on different components. 

The French Atomic Energy Com- 
mission are concentrating their efforts 
on producing fuel elements with the 
maximum possible density for high 
temperature reactor applications. Early 
in 1960 they are bringing dynamic 
testing cells into service which will 
simulate the anticipated service con- 
ditions that will be encountered in 
marine installations. The research re- 
actor Pegasus will also be used on this 
work and eight independent gas loops 
are being installed. 

In Switzerland, W. Spillman, of 
Escher Wyss A.G., said that for a 
long time they have been working on 
the development of large turbo-com- 
pressors. In this field they have, he 
stated, been working with helium and 
other gases suitable for closed-cycle 
systems Operating temperatures have 
been between 400°C and 800°C and 
already a 11,300hp plant has been 
developed. 

German evaluation studies of exist- 
ing and new marine propulsion sys- 
tems were reviewed at the conference. 

The work carried out at the Hanover 
Technical High School, described by 
J. Busch, was divided between gas- 
turbine development and reactor de- 
sign. For evaluation purposes these 
two sections are combined and it 
appears that such units are not econo- 
mically acceptable for power ratings 
of 10,000hp. At present 20,000 hp 
plant would be the acceptable small- 
est. Gases, to reduce corrosion prob- 
lems, are being investigated. Studies 
are being made of a 15 MW project 
employing helium/neon  gas-cooling 
and the use of carbon dioxide as a 
coolant when working at a pressure of 
40 atmospheres. Another member of 
the Hanover staff, Dr. K. Bammert 
said that gas turbines are now becom- 
ing competitors to steam turbines. 

Two other designs being studied are 
a 60 MW Bwr developed by the Allge- 
meine Electrizitats-Gesellschaft for the 
Deutsche Werft A.G., and a pwr by 
Siemens & Schuckert of Erlangen for 
the Howaldtswerke of Kiel. 

In Scandinavia work is being direc- 
ted towards the more maritime aspects 
such as how the various reactors will 
operate under heavy sea conditions. 

On the other side of the Baltic, the 
Lenin has completed sea trials and has 
now been put into service. 
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At the recent meeting of the American Nuclear 
Society, most of the discussion centred round the 
technology of the four power reactor types likely 
to prove practicable in the USA. Here is a 
report from Washington by a British observer 


America evaluates reactor types 


by G. W. K. FORD, .a. 
Reactor Division, A.E.E., Winfrith Heath 


ERHAPS THE MOST POPULAR lecture series of the 

meeting was the presentation of the latest evaluations 
of the four design studies which were sponsored by the 
USAEC to assess the economic potential and practicability 
of nuclear power plants based on pressurized light water 
(PWR), boiling light water (BWR). organic cooled (ocR) and 
heavy water moderated (HWR) systems. The ground-rules 
for these studies were based upon a hypothetical but prac- 
ticable site on which the station would be built, ability 
to start construction in mid-1960 with a guarantee that all 
research and development could be completed to a sche- 
dule properly linked to the construction programme, and 
an output power of some 300 MWe. The AEC’s con- 
tractors each interpreted the assignment somewhat dif- 
ferently, in particular making varying assumptions about the 
permissible amount of research and development and the 
attainable fuel burnup; the HwR study was not originally 
part of the comparative study plan. However, by making 
appropriate adjustments, the AEC’s evaluation team were 
able to make all four of the studies more or less directly 
comparable. Although the AEC evaluation report was 
issued during the summer, further re-appraisal had been 
made by the time of the ANS meeting. (Power cost break- 
downs derived are given in the US section of the World 
Review in this issue.) 


HIGH EFFICIENCY PWR 

The pwr study was carried out by Stone and Webster 
Engineering Corporation and Combustion Engineering and 
reported on at the meeting by J. B. Anderson (Figure 1). 
It was considered to be the most developed design of the 
four, having been carried to a greater degree of detail both 
in engineering and cost estimates. Essentially, it has a 
two-zone core, 2°6% U-235 inner zone, 34% outer zone, 
with zones about equal in size, 56 tons of uranium as UO, 
fuel pellets clad in stainless steel, burnable boron poison, 
average burnup 13,000 MWd/T (25,000 max) giving a 
core lifetime of 3} years without re-loading or re-adjust- 
ment of fuel at 80% load factor. The design as presented 
is for 236 MWe net, but it was claimed that the design 
could be extended to produce 300 MWe. The overall plant 
efficiency is expected to be 34:5%, which is high for a pwr, 
and is achieved as a consequence of a high primary cool- 
ant outlet temperature of 600°F. This is in turn dependent 
upon a design which permits bulk boiling to take place 
in the core, the design burnout ratio being 2:9: a ratio 
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of 2-0 is considered acceptable. [Burnout ratio = (heat flux 
at which burnout occurs for given flow conditions) / (peak 
heat flux in the core)]. 

An important design feature in this core is the neutron 
rectifier control rod, which, coupled with a fuel-element 
‘tail’ and the burnable poison, enables the control system 
to cover the very large change in fissionable material con- 
tent which is required for the high burnup and the long 
reactivity life-time. This device consists simply of a hexa- 
gonal tube of Ag-Cd-In alloy of external dimensions simi- 
lar to one of the standard hexagonal fuel element assem- 
blies. To reduce reactivity a fuel element tail in the con- 
trol position is lowered out of the core leaving water in 
its place surrounded by the hexagonal absorber tube to 
which the element is attached. The absorber tube absorbs 
100%, of the incident thermal neutrons in the normal way, 





THE A.N.S. MEETING 


Held in Washington from November 4-6, the 
1959 winter meeting of the American Nuclear 
Society was attended by nearly 1000 dele- 
gates, of whom 600 were members of the 
Society. Papers presented totalled over 200 
and were divided into four main sections: 
power reactor designs and economics; metal- 
lurgy. chemistry, fuel element design; reactor 
physics experiments; mathematical _ tech- 
niques. Here we concentrate on reactor 
designs and technology 











but epithermal neuirons from the core pass through the 
tube wall and into the water volume. There the majority 
are slowed down and in turn absorbed by the absorber 
tube before they can escape. 

In this way the control surfaces are more efficient than 
the normal cruciform type since as many as 10% of the 
neutron population in a PWR may be epithermal. Further- 
more the control effect extends further into the core from 
each control rod since epithermal neutrons travel further 
through the core before absorption than can thermal neu- 
trons. The double effect of first, reactivity-reduction as a 
result of the presence in the core of an absorber, then reac- 
tivity-enhancement by replacement of the absorber by fuel, 
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Four AEC design studies—principal data 





MAX 
REACTOR CORE PRESSURE VESSEL COOLANT CAN SECONDARY STEAM OVERALI POWER COSTS, mill/kWh 
SCHEMI PRESSURE DIA THICK OUTLET TEMP. PRESS. TEMP. THERMAL Authors : AEC ’ 
Ib /in ft in. i F Ib /in? °F EFFIC. % * future 
PWR 2000 104 9 618 650 1050 545 ds 34-5 8-26 8-3 7-9 
to 7-0 to 7-3 
BWR 1015 124 5-4 546 590 950 540 ds 31-2 8-0 8-9 6-8 
to 8-6 to 9-4 
OCR 27 134 1-5 675 850 640 650 sh 29-6 7°31 8-3 71 
to 8°38 
HWR* (Pressure tube design) 515 550 750 510 ds 25:1 12-6 12-5+ 9-0F 
* All data for HwR refers to a 200 MWe design: other schemes 300 MWe 


+ AEC forecasts for 300 MW D:O moderated plant, natural uranium, not necessarily of boiling type. 


enables a wide range of control to be achieved with a 
relatively small number of control units. 


DIRECT DUAL CYCLE BWR 

rhis plant design, described by F. C. Reichle of Ebasco 
Services Inc. and W. A. Hartman of the General Electric 
Company, was essentially based on the Dresden power 
demonstration reactor, and for this reason was not deve- 
loped to the degree of detail of the pwr design. It is a 
direct dual cycle design, in which the steam-water mixture 
generated in the core flows, under the action of the forced 
circulation pumps, into a separating drum; from there the 
dry saturated steam flows to the first stages of the single 
turbine, the water passing on to secondary steam genera- 
tors where lower pressure steam is generated for admission 
to a lower pressure section of the turbine, and then back 
to the reactor core. This system is claimed to provide in- 
herent self-control over a wide range of power output. 
varied simply by controlling the secondary steam control 
valves on the turbine. 

The fuel would again be UO, but clad in Zircaloy-2. 
with a moderator-to-fuel volume ratio of 2:5 compared 
with only 1-12 in the Bwr. The optimum fuel cost in the 
BWR would occur at 2:1 volume ratio, but 2:5 was chosen 
in order to provide an acceptably low void coefficient of 
reactivity, whilst still retaining a slightly undermoderated 
condition, in order to provide satisfactory stability and 
control characteristics. This relatively high moderator ratio 
gives a well-thermalized neutron spectrum, lending itself 
to normal cruciform control rods and calling for zirconium 
rather than stainless steel fuel cladding. The slightly lower 
steam pressure and temperature available to the turbine 
gives an efficiency of 31:2 compared to 34-5 in the pwr. 
The choice of feed pressure to the turbine is directly bound 
up with the reactor pressure vessel and coolant circulation 
system pressure, and therefore although pressures ranging 
from 800 to 1450 Ib/in*g. and corresponding dry saturated 
temperatures of 518 F to 590°F were considered, it turned 
out that the economic optimum occurred at 950 Ib/in?g. In 
other words, the bulkiness of the BWR core sets an econo- 
mic restriction on the realizable steam outlet conditions. 

It has been seen that the AEC consider that the BWR 
may well be the ultimate winner in the power-cost race 
provided nuclear super-heating can be developed. This 
development would depend on a new fuel and cladding 
technology and was not assumed feasible for the present 
design study. However, it is noteworthy that even the 
uranium oxide-zirconium technology is not yet fully be- 
yond question, as revealed in a paper by C. N. Spalaris 
and H. E. Williamson of the General Electric Company 
who described results of irradiation tests of oxide fuel 
clad in Zircaloy-2 and stainless steel jackets. In tests in 
which a deliberate perforation of the Zircaloy cladding 
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was made before the test, it appeared that zirconium oxide 
and hydride was formed around the site of the perfora- 
tion resulting in distortion and swelling. Since Zircaloy-2 
is known to have good corrosion resistance in water at 
700°F and the can temperature in these tests was only 
around 600°F, some additional mechanism must have been 
operative. The authors suggested that this could either 
be due to the intermittent ingress of water deep into the 
interior of the fuel pellets via the radial and circumferen- 
tial fissures which form in oxide after operation under 
reactor conditions, resulting in the repeated impingement 
of high temperature steam upon the zirconium, or alter- 
natively to an unknown irradiation effect. 

These authors also demonstrated that the amount of 
cracking and the formation of a central void, probably 
following upon melting and re-crystallization at the fuel 
element centre, is a function of the pellet-can clearance: 
voids were hardly detectable at a diametral clearance of 
0-003, but occurred up to 0-040 in. dia. for larger diame- 
tral clearances up to 0-016in. even following quite small 
irradiation doses. The objection to melting conditions in 
the centre of the elements is that under these conditions 
considerable quantities of fission gases are released with 
consequent pressure rise in the fuel can. These tests were 
all carried out at high heat fluxes of order 120 watt/cm*’, 
and doses of up to 3500 MWd/T have been achieved. All 
of the tests were upon 0°5 in. dia. pellets of 93-97% theore- 
tical density, 2-02 oxygen/uranium ratio, 2:3% U-235, sin- 
tered at 1600°C. Most of the tests were in Zircaloy cans 
of 0-030 in. thickness with helium filling. One of the tests 
referred to stainless steel cans. 

In the BWR design study, it is planned to employ solid- 
cylinder type fuel elements as in the tests reported above, 
but only 0:40 to 0:45 in. dia. These would be made up from 
sintered and ground pellets inserted into accurate Zircaloy 
tubes with welded end-closures, several such tubes joined 
end-to-end by means of spacer plates to form a fuel rod, 
several rods forming a fuel element assembly. The next 
objective would be to develop single-length fuel rods, if 
possible fabricated by the swaging technique. In the BwR 
design presented fuel-adjustment operations would be more 
frequent than in the zoned pwr, 20% of the fuel being 
replaced on each occasion with an average burnup of 
10,000 MWd/T. It should be noted in connexion with the 
burnup figures given in these studies that the claimed 
power costs are based on a number of different assumed 
attainable burnup values, but in the AEC evaluations the 
costs have been re-assessed on a basis of 13,000 MWd/T 
for all schemes. 


ORGANIC-COOLED REACTOR 
The third power reactor study was dealt with in two 
papers, one by J. D. Plawchan of Bechtel Corporation 
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and R. F. Wilson of Atomics International, the other by 
J. Brunings, B. Hoffman and R. F. Wilson, all of Atomics 
International. There were several other papers dealing with 
specialized aspects of organic cooled systems which will 
be referred to below. Before beginning the AEC study, a 
preliminary investigation was made to determine which 
was the best moderator to use with the organic liquid 
coolant used either with simple forced convection or with 
moderate boiling conditions (Figure 2). Seven possible 
moderators were considered and of these Be and BeO 
were immediately ruled out on grounds of excessive capi- 
tal cost charges, despite the resulting compact core, aris- 
ing from their current market value of $100/lb for Be 
and $50/lb for BeO. Light water as moderator would 
have the advantage of greatly reducing the quantity of 
organic within the reactor core and exposed to radiation 
damage, perhaps reducing the make-up rate to a quarter 
or less than that of the organic moderated reactor. How- 
ever, there is the considerable practical difficulty of either 
having the water rather hot and hence at very high pres- 
sure, thus losing one of the major advantages of the 
organic coolant, or alternatively having the water quite 
cool and therefore requiring efficient heat insulation be- 
tween the coolant tubes and the moderator with conse- 
quent problems of cross-leakage of the two liquids, neu- 
tron absorption in insulation and neutron loss through 
streaming along interspaces. These problems have con- 
siderable uncertainties and would account for the large 
shaded area in the histogram. 

Hydrogen moderation could also be considered if used 
in the form of zirconium hydride. This would give a 
compact core and a neutron economy much as the organic 
moderated, organic cooled reactor (OMCR), whilst much re- 
ducing the required organic make-up rate; but too little 
is known about the radiation stability of this material to 
enable a reliable design to be based upon it. 

Even so there would appear to be a considerable advan- 
tage to be gained in an organic reactor if the moderator is 
other than organic in order to reduce the organic damage 
rate, and Atomics International looked closely at the re- 
maining four alternative schemes. The heavy water moder- 
ated scheme, such as is being developed by the Canadian 
General Electric Co. as an alternative to the pressurized 
heavy water cooled CANDU reactor, was rejected on the 
grounds that the costs of interest charges on the D,O 
investment, of the D.O losses and of heat loss (~ 7% of 
the total heat production) at low temperature to the moder- 
ator offset the low fuel and organic make-up costs. Never- 
theless it is the only organic scheme which could offer 
long burnup of natural uranium. 

The graphite moderated version offers similar advan- 
tages of operating on natural or near-natural uranium 
but with lower reactivity life in the case of natural fuel, 
though it was considered to lose on the large size and the 
resultant high capital charges. The design studied made 
use of process tube liners to separate the organic from 
the graphite and presumably would require a separate gas 
coolant circuit, probably CO., to cool the graphite. There 
is also the possibility of nuclear superheating in other 
process tubes. Although graphite heat could in principle be 
taken out at a temperature as high or higher than that of 
the organic and recovered as mechanical power, it prob- 
ably would not prove economic, and it is therefore of 
interest to know whether this system could be worked 
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with the organic in direct contact with the graphite, eli- 
minating the cost and complication of process tubes and 
auxiliary cooling circuits, improving neutron economy and 
making available the moderator heat for conversion to 
mechanical power. 

In answer to questions at the meeting the author could 
make no comment on this possibility; clearly there are 
important questions regarding chemical compatibility under 
radiation conditions which would need experimental in- 
vestigation. The elimination of the process tubes and aux- 
iliaries might well bring the graphite reactor costs below 
those of the organic moderated system. In this connexion 
it is worth noting that, although probably heavier on capi- 
tal charges, the graphite moderated system gains in avoid- 
ing the degree of fuel enrichment required by the OMCR. 


OMCR the most economic 


For the reason that all these practical difficulties each 
make their contribution to the cost of power, the simplest 
and almost the most compact system, the OMCR (Organic 


The 248 MWe advanced PWR, the 
most developed of the four design 
studies, operates at 600°F and has 
the high thermal efficiency of 34°5%. 
In the two-zone core fuel clusters 
of UO, pellets clad in s.s. are 
arranged in a right circular cylin- 
der, diameter 98-2 in. (Fig 1) 
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Moderated and Cooled Reactor), turned out to be the 
most economic despite high make-up rate costs and the 
need for substantially enriched fuel. In the design sub- 
mitted to the AEC, nucleate boiling is assumed permissible 
in the core and finned cans of SAP (sintered aluminium 
powder) are assumed to be a practicable proposition. These 
are the two major development assumptions of the design, 
upon which its high performance claims are critically de- 
pendent. Both technologies require a good deal of further 
investigation and demonstration before they can be 
acceptable as ‘ guaranteeable * under the ground-rules of the 
AEC contract, and to this extent the OMR study is not 
strictly comparable with the Pwr and BWR systems. 

The omcr design employs 46,500 kg of 2°1% enriched 
UO. pellets clad in extruded tubes, helically-finned, of 
SAP (or APM = extruded aluminium powder metal). This 
material contains 7% of aluminium oxide and is claimed 
to possess better creep-rupture properties at high tem- 
peratures than aluminium alloys. A two region core is 
specified giving an attainable average burnup of 15,000 
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MW4d/T at a specific power of 20kW/kgU. The coolant- 
moderator is Santowax R, permitting a bulk outlet cool- 
ant temperature of 675°F. The maximum can surface tem- 
perature is 850°F with a heat flux of about 40 watts/cm?: 
nucleate boiling is permitted at hot spots in the core, and 
the burnout factor is 2:0, the coolant system pressure being 
50 Ib/in? abs. 


Heat transfer and decomposition 

There were several other papers of direct relevance to the 
organic coolant problem, including a paper on heat trans- 
fer by D. A. Huber and J. L. Kortenhoeven of Atomics 
International and a paper on the decomposition of organics 
by R. H. J. Gercke, also of Atomics International. The heat 
transfer paper referred particularly to the effects of sur- 
face films formed by decomposition of the organic, that 
is the fouling effect, using pre-irradiated OMRE coolant 
containing 30% high boiler compounds of volatility less 
than that of para-terphenyl. Under non-boiling conditions 
no detectable fouling was observed up to 850°F for 5 ft/s 
flow rate and none up to 950°F for 14 ft/s. 

As already mentioned, allowing nucleate boiling in the 
core enables larger heat transfer rates to be attained and 
the advanced study reported above depends upon this 
feature. The second part of the reported heat transfer 
tests concerned the investigation of fouling under nucleate 
boiling conditions, and preliminary results indicated that 
a gradual decrease with time of heat transfer coefficient 
occurred in tests of up to 500 hours. One test of 2000 
hours showed that it attained an equilibrium value. 

There are still discrepancies between the rates of de- 
composition caused by radiation as investigated by vari- 
ous laboratories, and also concerning whether damage is 
simply proportional to energy absorption or whether fast 
neutrons are more damaging per unit of energy absorbed 
than other radiations. R. H. J. Gercke reported that the rate 
of damage decreases with high boiler residue (HBR) con- 
tent, and that for 30° of HBR the number of molecules 
reacting per 100 eV of energy absorption is 0-15, as mea- 
sured in OMRE, which may be compared with 0:18 mea- 
sured in MTR loop experiments. Based on the best avail- 
able data the author concludes that the coolant makeup 
rate at reactor operating temperatures and fluxes would 
be 27 pounds per MWd (thermal), leading to a charge of 
0:62 mill/KWh for a 300 MWe station. 

Aluminium powder metal (APM) (known in Europe 
as SAP) suitable for use in the organic-type reactors were 


Comparative power costs of organic cooled reactors using 
seven possible moderators (Fig. 2) 
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fuel 


H,0 moderator 
elements 


control blade lead reflector 


Designed for transportation by trailer or aircraft, the ML-1 
weighs only 15 tons dry. The 450 MWe reactor is nitrogen 
cooled, water moderated, with aluminium insulated tubes 
(Fig. 3) 
discussed by W. H. Friske also of Al. Preliminary results 
appear promising: tensile tests of APM alloy M-257 (6 to 
8% Al,O,) at 800 and 900°F confirm the improved high 
temperature strength (UTS and yield) of ApM as compared 
to wrought aluminium alloys, and notch sensitivity both 
hot and cold is satisfactory. Creep tests are not yet suf- 
ficiently complete for conclusions to be drawn. This mater- 
ial is said to be suited for cladding UO. fuel elements. 
Nevertheless, for the immediate future for use in the 
Piqua 11 MW power reactor reliance is being placed upon 
uranium metal alloy (U-3-5% Mo-0-1% Al) metallurgically 
bonded to an extruded aluminium finned can by evacua- 
tion and hot pressing at 8000 Ib/in*, 1000°F, for 10 min- 
utes. The actual bond is effected with a nickel coating and 
intermetallic compounds formed during the hot pressing, 
giving the materials sequence AI-Al,Ni-Al. Ni,-Ni-UNi- 
UMOAI. This is reported by C. W. Wheelock of ATI, who 
deals also with the consequences of some accidental plug- 
ging of fuel passages with inorganic impurities not ade- 
quately filtered from the system which led in this case to 
the melting of some 40 square inches of cladding, but to 
only slight resultant contamination of the coolant circuit. 


SODIUM COOLANT PROBLEMS 

The safety problem of running liquid sodium through a 
heavy water moderated core, coupled with the fact that 
the presence of sufficient sodium for the heat transfer re- 
quirements probably makes operational criticality with 
natural uranium unattainable, together sway the balance 
to indicate that the sodium cooled heavy water moderated 
reactor scheme is not really feasible at the present time. 

Similar difficulties apply also to the sodium graphite 
reactor except that the water-sodium hazard in the core 
is avoided and the problem of isolating cool heavy water 
from hot sodium is replaced by that of keeping the sodium 
out of the graphite porosities. In the SRE this was achieved 
by zirconium cladding the graphite moderator blocks, but 
in the Hallam power reactor design stainless steel will be 
used for this purpose. This makes the neutron economy 
of the Hallam 254 MWt, 3%enriched, station worse than 
a PWR: it has a cold clean conversion factor of 0°5 com- 
pared with 0°529 for the Yankee 392 MWt, 3-4% enriched 
PWR of similar category of heat output. 

Apart from the fundamental difficulties of radioactivity, 
thermal neutron absorption and the need for special con- 
struction and materials for external components, there re- 
main considerable difficulties in designing suitable fuel 
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materials and cladding, as reported by both C. F. Bullinger 
in a paper on sGrs and by E. D. Jordan on the sodium 
heavy water proposals. Summing up the various coolant- 
cladding-fuel combinations considered as promising in these 
and other papers we arrive at the position shown in the 
following table: — 





COOLANT STEAM 
COOLANT FUEL CAN OUTLET TEMP. 
_ TEMP. °F ‘ 

Water UO: Zr 620 550 
UO: S.S. 620 550 

Organic U-Mo Al 575 550 
UO: SAP 675 650 

Sodium UO Zr 1025 825 
U-Zr Zr 1025 825 

UOs: Nb 1150 1000 

UO: S.S. 1150 1000 

U¢ Nb 1150 1000 

Helium UOs: S.S. 1060 860 
UO:2-¢€ None 2400 > 1000 


HEAVY WATER SYSTEM 

Returning to the four AEC design studies, the fourth of 
these was the heavy water moderated system, reported 
on by W. A. Chittenden of Sargent and Lundy and J. D. 
Hutton of Nuclear Development Corporation of America. 
The ground rules for this system were originally somewhat 
different from those of the first three, the main differences 
being the required ability to operate economically on 
natural uranium and that the design produced was for a 
200 MWe rather than a 300 MWe plant. Although able 
to operate on natural uranium, it was acceptable that its 
optimum economy could be with enriched uranium. After 
examining many possible types the conclusion was reached 
that the boiling water, pressure tube, direct cycle reactor 
was the best choice for the study, both on account of 
excellent thermal performance and potential for future 
development to larger sizes. The 1 inch thick aluminium 
calandria vessel, 18-4 ft dia. by 20-7 ft high, is pierced by 
287 aluminium calandria tubes on an 11:1 in equilateral 
triangular pitch and contains heavy water at 155°C. The 
pressure tubes passing through the calandria tubes are of 
Zircaloy-2, 4-97 in. dia., and contain fuel elements in the 
form of 37-rod clusters of 0°552 in. diameter UO, clad in 
Zr-2: there is air between the pressure tubes and the calan- 
dria tubes to serve as a heat insulator. Steam leaves the 
steam-drum separator system at 750 lb/in*g., dry saturated 
(510° F). With 4-zone outward radial shift of fuel and axial 
inversion of fuel elements some 7500 MWd/T might be 
achieved with natural uranium, or 10,000 MWd/T with 
slightly enriched fuel at a fuel cost saving of 0-1 mill/kWh. 


GAS-COOLED SYSTEMS 

These fall essentially into three categories at the present 
stage of development, dominated by the fuel element tech- 
nology which includes metal clad (especially stainless steel) 
sysiems, the impermeable graphite clad systems and the 
unclad systems, although there are some proposals for 
hybrids. Although much attention is being turned on to 
these systems in the United States, relatively few papers 
were presented on these topics at the meeting. A paper 
by L. L. Kintner of Allis-Chalmers Manufacturing Com- 
pany discussed the thermal design of the helium-cooled 
graphite-moderated, 84-3 MWt Experimental Gas-cooled 
Reactor. This design achieves a specific power of 7:6 
kW/kg of uranium at an average heat flux of 20 W/cm? 
with a coolant outlet temperature of 1050°F. The stainless- 
steel clad UO, fuel elements are arranged in 7-rod clusters 
on an eight-inch square pitch in 216 channels, each fuel 
channel being 3 in. dia., the elements 0°75 in.o.d. with 
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0-020 in. thick cans. The fuel channels are actually formed 
by graphite sleeves of 5 in. o.d. by 3 in i.d. which serve to 
separate the fuel coolant and moderator coolant gas 
streams: this is in order to keep the main volume of the 
fixed part of the moderator at over 1000°F for the self- 
annealing of strain energy, since the coolant enters the 
fuel channels at the relatively low temperature of 510°F. 
Heat transfer details for this system were also given in a 
paper by C. L. Beaudoin and R. N. Higgins, of A-C. 
Another gas-cooled reactor now being developed by the 
Atomic Energy Commission for the US Army and pro- 
ducing quite high coolant outlet temperature is the ML-1 
mobile nuclear power plant (Figure 3). This reactor 
uses UO, fuel with * metallic” cladding and nitrogen cool- 
ant which leaves the reactor at 1200°F to produce 450 kWe 
by means of a gas turbine, the inlet pressure to which 
would be about 200 lb/in?g. and which would operate at 
about 16% thermal efficiency. The reactor is to be as com- 
pact as practicable to make air transport feasible, and to 
achieve this it is water moderated (with insulated process 
tubes), employs a lead reflector and has a disposition of 
fuel in the core calculated to provide an essentially uni- 


graphite fuel box 
coolant channels \ ae... 


set screw 








top end fitting 
(metal ) 


metal clad fuel rods 
\graphite plate 

orifice plate 

guide slot for 

lifter tool 

The Marine Gas-cooled Reactor, a high temperature design, 

has semi-homogeneous fuel elements containing BeO-UO, 

fuel in a thin nickel sheath inserted in graphite plates 
(Fig. 4) 

form radial power distribution giving a ratio of (peak 
element power) /(average element power) of 1:11, compared 
to 1:47 for a uniform spacing. This power distribution 
problem was the main topic in a paper by F. J. Thomas 
and S. J. Perkins of Aerojet. If the present core design is 
as originally planned for the GCRE (ML-1 in the new 
nomenclature), the core size is 2 ft dia. by 2°5 ft in length 
with 1°875 in. dia. process tubes. The present design will 
weigh 15 tons dry and will be provided with partial shield- 
ing only for operation from a cab 500 ft distant. 

Another portable power reactor for military purposes 
was described by F. Hittman of the Martin Company. This 
reactor has a core size similar to the ML-1 just described 
but in this case heat removal is by means of pressurized 
water and the power output is 1000 kWe. As in the original 
army power reactor, the Appr, the fuel elements are of a 
UO.-stainless steel cermet clad in stainless steel. This re- 
actor has also been designed to be transportable by air, 
the whole plant being able to be assembled into a number 
of packages each not exceeding 30,000 lb in weight, 30 ft 
in length and 8 ft 8 in. square in cross-section. 


orifice retaining ring 


High temperature designs 
The next phase in gas-cooled reactor technology will 
be the HTR (High Temperature Reactor) type with semi- 
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Scheduled to start construc- 
tion in 1960, the Los Alamos 
3MWet turret reactor will have 
the very high coolant exit 
temperature of 2400°F. The 
cylindrical core rotates within 
the spherical vessel and can 
be moved on load to bring 
each row of fuel channels in 
alignment with the bank of 
charging rams (Fig. 5) 


2400°F 





HE 





___ graphite 





blower 


1600°F 





by-pass to chilled 
charcoal traps 







800°F 


~~ steel HE 





ry} 


homogeneous fuel elements, on which there were three 
papers. Two of these, both from General Atomics, dealt 
with a ‘compromise’ fuel element (Figure 4) being de- 
veloped for the Marine Gas Cooled Reactor, MGCR, in 
which it is proposed to contain the BeO-UO, fuel bodies 
of between } and 4in. dia. in a thin nickel sheath, which, 
unsupported, would be too weak in the absence of a 
coolant pressure to sustain the fission gas pressure within. 
However, by inserting these in close-fitting holes in a gra- 
phite plate sufficient strength is provided by the graphite 
(1100 lb/in? tensile stress for rupture) to prevent can rup- 
ture following loss of coolant pressure, and fuel-to-gas 
heat transfer can take place over a fairly large surface 
area. The main difficulty with this system concerns car- 
burization of the cladding at the high can temperature of 
1700°F and above: for this purpose only ‘A’ nickel 
appears to be chemically and metallurgically suitable. 
The other approach to the cladding problem in HTR 
designs is to develop impermeable graphite, and recent 
developments and testing methods are reported in a paper 
by E. E. Anderson, R. D. Burnette and L. R. Zumwalt, 
all of General Atomics. Different methods of rendering 
graphite impermeable are tested by means of measuring 
the diffusion of I-131 and Xe-133 through the graphite at 
1200°C, these fission products being produced by irradiat- 
ing 1 gram of uranium carbide fuel within the test capsules 
at 7 * 10" n/cm?/s for 4 hours. An 0-01 in. thick coating 
of SiC-Si at 1200°C appears to have a Xe-133 permeation 
constant some 100 times smaller than that for helium in 
quartz glass at room temperature: helium permeation at 
room temperature is similar to that in quartz glass. 
Finally, great interest was shown at the meeting in 
the Los Alamos Turret reactor, reported upon by R. P. 
Hammond and others. In this concept (Figure 5), no 
attempt is made to keep the fission products within the 
fuel elements, and the whole activity is allowed to leak at 
will into the gas coolant stream. Fuel elements are ordin- 
ary graphite tubes, 6 inches long, 1 in. o.d., 4 in. i.d., which 
are impregnated with U-235 by dipping into a solution of 
enriched uranium nitrate absorbing about 4:5 g U-235 per 
element. The total fuel charge is 7kg in a 6 ft. dia. gra- 
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phite core reflected by graphite. Helium coolant gas at 
500 Ib./in® enters at 1600°F (870°C) and leaves at 2400°F 
(1330°C), a temperature specified by the US Bureau of 
Mines for a coal gasification process, although at present 
the heat is to be rejected via a steel air-cooler. To enable 
this to be done and also to limit the gas temperature to 
be handled by the gas-bearing circulator, the outlet gas is 
first passed through a graphite regenerative heat exchanger. 
Part of the flow is by-passed through a purification system 
which removes all fission products every five minutes. 

Numerous papers dealing with circulating liquid fuel 
systems were given but the present AEC opinion, as ex- 
pressed by J. E. Draley of ANL, appears to be that all 
these systems require a great deal of development work 
before they can be considered feasible for economic power 
schemes. Despite the great amount of work already done 
upon the HAR (Homogeneous Aqueous) and the LMFR 
(Liquid Metal Fuel) systems, the present opinion is that 
in fact the molten salt solution systems (MSR) showed more 
promise for easy development. This is mainly on account 
of the fact that both the HAR and the LMFR require a slurry 
system as an essential component and great difficulty has 
been encountered in the development of practicable slurry 
handling core or blanket systems. In addition both these 
systems suffer from considerable corrosion difficulties which 
look like being very difficult to circumvent, and it seems 
likely that the corrosion situation will be easier with the 
MSR. Lastly, maintenance difficulties and the complex 
auxiliary systems are thought to constitute major prob- 
lems and cost factors in all plants of this class. 

However, all three of these liquid fuel systems are con- 
sidered to be capable of development into ‘hold own’ 
breeders which would operate on the thorium U-233 cycle 
requiring refuelling with natural thorium only. Each type 
of reactor would require ten years of concentrated de- 
velopment work and over one hundred million dollars of 
development expenditure to bring it into the practicable 
category. 
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GROUNDWORK—Instruments 

What is the difference between an 
ionization chamber, a_ proportional 
counter, and a geiger counter? 
Stripped of all details of design, they 
take basically the same form—a gas 
filled chamber containing two electrodes 
across which a voltage difference is 
maintained. (See Fig. 1). When radia- 
tion in the form of charged particles 
passes through the gas it ionizes some of 
the molecules, i.e., removes an electron; 
the resulting molecules-minus-one-elec- 
tron, called positive ions, and the elec- 
trons, are then attracted to the electrodes 
of opposite polarity so that a current 
flows through the external circuit. 

At low voltages many of the positive 
ions and electrons will recombine before 
they can reach the electrodes. As the 
voltage is raised, however, causing them to 
move faster, more will be collected before 
they can recombine, until at a certain volt- 
age level (B. Fig. 2) all the positive ions 
and electrons formed are collected. Raising 
the voltage now makes no difference to 
the current: the detector is in the satura- 
tion region (BC) and is working as an 
ionization chamber. 

The number of positive ions and elec- 
trons formed by a particle terminating 
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energy of the particle divided by the 
energy required to remove an electron 
from a molecule in the gas; the current 
in the external circuit, which is the total 
charge arriving at one electrode per sec, 
is therefore a direct measure of the rate 
of entry of the ionizing particles and 
hence of the intensity of the radiation. 

If the voltage is raised above (C) a new 
phenomenon occurs: some of the elec- 
trons will now move so fast that they 
themselves ionize other molecules by col- 
lision; secondary electrons so formed 
can, in turn, produce further ionization 
and so on. The total charge arriving at 
an electrode can now be thousands of 
times larger than the charge on the posi- 
tive ions and electrons first produced 
by the radiation, though still propor- 
tional to it, and the chamber is working 
as a proportional counter (CD). 

At still higher voltages (above E) 
the proportionality ceases and the size 
of the current becomes independent of 
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the original amount of radiation—it is 
just a discharge triggered by the initial 
event. This is now a geiger counter. 
Besides charged particles (protons, alpha 
particles and electrons) an ionization de- 
tector can be used for gamma radiation, 
which also causes ionization (sometimes 
— 
proportional 
'region| 
fon chamber geiger 
— a region 
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! 
| 
| 
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current 





| | 
complete ion collection 





A 8 Cc O€E 
applied voltage across electrodes 
Fig. 2 

accompanied by X-rays). For neutrons, 
which do not produce ionization directly, 
use can be made of a nuclear reaction 
by introducing, say, boron into the 
chamber. The resulting alpha particles 
will carry out the necessary ionization. 
Alternatively, uranium-235 can be used, 
and in this case ionization will be caused 
by the fission fragments. 


What is the difference between a 
Rad, a Rem and a Roentgen? 

The Roentgen is the unit of radiation, 
the Rad that of absorbed dose; the 
former is that amount of radiation which 
will produce enough ionization in one 
cc of air (at STP) to amount to one elec- 
trostatic unit of charge, while a Rad is 
that amount of absorbed radiation which 
equals 100 ergs per gram of irradiated 
material. The Rem is a measure of 
the quantity of ionizing radia- 
which, when absorbed by the 
human body, produces a biological effect 
identical to that produced in the same 
tissue by one Rad of X-radiation. 


BOOKLIST—Nuclear physics 


Physics. I. Kaplan. Addison 
Wesley. 1955. Good general introduction 
(long 609 pages). No previous knowledge 
of atomic or nuclear physics assumed: 
questions included. 

Elementary Nuclear Physics: W. K. 
Mansfield. Temple Press. 1958. Short ele- 
mentary account (60 pages) of atomic 
and nuclear physics including the detec- 
tion of nuclear radiation; specially for 
budding nuclear engineers. 

Source Book on Atomic Energy. S. Glas- 
stone—Van Nostrand. 2nd Edn. 1958. 
No previous knowledge needed; excellent 
and readable account of atomic and 
nuclear physics and atomic energy. 
Radioactivity and Nuclear Physics: J. M. 
Cork. Van Nostrand. (2nd Edn. 1950). 
Fairly elementary; mainly descriptive; 
questions included. 

Applied Nuclear Physics. E. C. Pollard 
and W. L. Davidson. Wiley (Chapman 
& Hall). 1951. (2nd Edn.) Particularly 
good on practical applications; small sec- 
tion on the application of fission. 

The Atomic Nucleus. R. D. Evans. 
McGraw-Hill. Already a classic; com- 


dose: 
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Nuclear 


prehensive and detailed account but good 
on practical aspects; not for beginners. 
Introductory Nuclear Physics. D. Halli- 
day. Wiley. 1950. Good knowledge of 
atomic physics assumed, especia!ly for 
parts in small print; large sections on 
interaction of charged particles with 
matter and the detection of charged par- 
ticles. Questions included. 


NEWSBRIEFS 


@ International School of Nuclear Sci- 
ence and Engineering at Argonne be- 
comes the International Institute of 
Nuclear Science and Engineering with 
effect from Feb. 3: curriculum will be 
broader, more advanced. 

@ West Instrument Ltd. Recent course 
on function of the saturable core reac- 
tor had an attendance of fifty. 

@ Release and Use of Atomic Energy. 
The course of six lectures for juveniles 
at the Royal Institution will be given by 
Dr. T. D. Allibone, starting Dec. 29. 

@ Effect of Technological Progress on 
Education. This new bibliography pub- 
lished by the Institution of Production 
Engineers covers the development of 
technical education from 1945 to °57. 

@ Fuel Element Technology. A course 
of ten weekly lectures by AEA special- 
ists has been arranged at Imperial Col- 
lege, starting Feb. 11. 


UK COURSES—Reactors 


Diploma and degree courses for graduates 
University of Birmingham: M.Sc. 1 year. 
Oct 1960, £81. Reactor physics and techno- 
logy, also radioactivity. Apparatus includes 
60 in. cyclotron. 
Glasgow, Royal Coll. Science and Tech.: 
Diploma, | year. Oct 1960, £55. Nuclear 
power engineering (part of one-year course 
on power engineering). 
Imperial College, London: Diploma. | year. 
Oct 1960, £124. Nuclear power. Apparatus 
includes sub-critical assembly and compre- 
hensive analogue computer. 
Queen Mary College, London: Diploma 
1 year. Oct 1960, £90. Nuclear engineering. 
Experimental work on a sub-critical assem- 
bly and a research reactor. 
Manchester University: Diploma. 1 year. 
Oct 1960, £60. Nuclear engineering. 

Short courses for graduates 


Harwell Reactor School: 16 weeks. Jan, 
Aug 1960, £250. Reactor physics and reactor 
engineering. This famous course includes 
use of extensive apparatus, including some 
Harwell research reactors. The first six 
weeks forms a general introduction, and is 
given at a Technical College (Birmingham, 
Bradford or Salford). 

Calder Operation School: 5 weeks. Feb 
1960 (UK students). Jan 1960 (Overseas 
students), £125. Reactor operation. 
Manchester University: 6-8 weeks. May 
1960. £45. Nuclear engineering. Apparatus 
includes graphite and hydrogenous stacks, 
cooling rigs and analogue computer. 
Birmingham College of Technology: 6 
weeks, Jan, Aug 1960. £60. First part of 
Harwell course, but can be taken inde- 
pendently. 

6-8 weeks (3 per year), £60. Nuclear power 
technology. 

Bradford Institute of Technology: 6 weeks. 
Jan, Aug 1960. £60. First part of Harwell 
course, but can be taken independently. 

6 weeks. Frequently uncertain. £30. Nuclear 
reactor technology. 

Salford Royal Technical College: 6 weeks. 
Jan, Aug 1960. £60. First part of Harwell 
course, but can be taken independently. 

8 weeks. May 1960, £60. Reactor physics; 
similar to above, but not tied to Harwell. 
Next month—courses in Electronics and 
Instrumentation. 
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Concluding an article started in October, Hall shows 


how plant for handling fissionable materials can be 


designed and operated 


to be 


inherently safe 


Criticality problems 
in chemical plant design 


HE BASIC FACTORS which may 

lead to a criticality hazard in a 
chemical system were discussed in the 
first part of this article. It was pointed 
out that, in most nuclear fuel process- 
ing plants at present, criticality control 
is primarily achieved by administra- 
tion. Thus the mass, volume or con- 
centration of fissionable material at any 
part of the plant is maintained within 
safe limits by analytical methods but 
there is always the chance that the 
human error may lead to an accident. 
This applies to plant handling en- 
riched uranium, uranium-233 or plu- 
tonium. It should be borne in mind 
that it is possible to obtain a critical 
assembly with very low enrichments 
of uranium; thus the lower limit of 
enrichment below which criticality is 
impossible is at about 1% uranium- 
235, but varies with the type of 
system. 


Geometrically safe equipment 


It has been shown that vessels of 
certain dimensions (e.g. the 5-0 in. 
diameter infinitely long cylinder for 
plutonium) are always safe. From 
such data has developed the concept 
of the geometrically safe plant such as 
the ‘ eversafe’ fuel dissolver unit and 
slab mixer-settler illustrated in Part I. 
A great deal of work has been carried 
out both in the United States and the 
United Kingdom to design geometric 
ally safe mixer-settlers. It is relatively 
simple to specify dimensions which 
are safe but very difficult to obtain 
settlers which, whilst of safe geometry, 
are also able to cope with sufficiently 
large flow rates. 

These remarks apply also to the 
design of dissolver units, where the 
achievement of sufficiently high flow 
rates also presents problems. The 4 in. 
diameter dissolver illustrated in Figure 
1 of Part I can dissolve uranium, 


by G. R. HALL, psc. 


F.R.LC. 


Reader in Nuclear Technology, Chemical Engineering 


Department, Imperial College, London 


without residue, by continuous dis- 
solution. The acid is added continu- 
ously and the metal builds up in the 
dissolver until equilibrium is achieved 
between the rate of addition and the 
rate of solution. The dissolver liquor 
achieves a constant composition in 
which the variation of concentration 
is about +5%. The dissolver liquor is 
removed from the unit through the 
thermal syphon circulating arm. The 





OUTLINE 
Following the discussion 
of basic factors in critical- 
ity control, in the first in- 
stalment, Hall shows how 
they affect the design of 
geometrically safe equip- 
ment and plant. Experi- 
ments at Dounreay on the 
influence of materials used 
in processing and some 
dangers in typical processes 
are described. He reports 
on the accident at Oak 
Ridge in 1958 and outlines 
the essentials of nuclear 


safety organization. 











latter also ensures rapid circulation 
and this prevents foaming, a problem 
to be expected in narrow bore vessels. 

A centrifuge has been developed at 
Dounreay for removing traces of 
solids from active feed streams (/,7). 
These solids are of very small size 
and quantity (140 ppm) but they can 
lead to trouble by collecting at sol- 
vent-aqueous interfaces in the solvent 
extraction equipment. This modified 
Sharples supercentrifuge is of eversafe 
geometry and may be operated re- 


motely from behind the plant shielding. 


An eversafe evaporator (/) is illus- 


trated in Figure 3. This is used for 
the concentration of pure uranium 
and plutonium aqueous nitrate solu- 
tion streams. It operates on continu- 
ous feed and automatic intermittent 
take-off of product is provided for. 
Radio-frequency induction heating is 
used and in order to prevent contam- 
ination by corrosion products the 
apparatus is made in glass. The fis- 
sionable solution is circulated rapidly 
through a cyclone where vapour and 
liquid are separated and the liquid is 
recycled. A magnetic valve, which is 
operated by a signal from a gamma- 
absorptiometer, ensures that the pro- 
duct is taken off at a chosen pre- 
determined concentration. This is a 
most interesting equipment and is 
used at a point in the processing plant 
where criticality hazards might be ex- 
pected to be greatest, i.e. where the 
concentration of fissionable solutions 
becomes high. 

Many other types of critically safe 
equipment have been described in the 
literature but only two further ex- 
amples will be referred to here. The 
first is the use of fluidized-bed reac- 
tors in uranium processing. These are 
now used on a large scale in process- 
ing natural uranium, but where en- 
riched uranium is handled it is neces- 
sary to consider critically safe reac- 
tors. Thus at Oak Ridge 5 in. diameter 
reactors have been developed for 
batch-processing of enriched uran- 
ium; these are used in the hydro- 
fluorination of enriched uranium 
oxides (8). 

The second example is the use of 
carefully designed ion exchange 
columns for the processing of uran- 
ium and plutonium. In general ion ex- 
change processes have not found great 
favour for large-scale fuel processing 
because of the difficulty of ensuring 
adequate flow rates and also the cost 
of replacing resins which have become 
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general a saturated plutonium band 
6-12 in. wide is desirable for good 
plutonium elution characteristics and 
Bruce considers such variables in re- 
lation to nuclear safety. Whilst no 
hazard is foreseen in handling plu- 
tonium nitrate solutions absorbed on 
the resin in a column 7 in. in diameter, 
it is advisable to ensure the columns 
are separated by 2 ft, centre of col- 
umn to centre of column, and similar 
distances from other vessels contain- 
ing plutonium. 

Table 6 illustrates the data used by 
Bruce in considering ion exchange 
processes. It should be appreciated 
that this data refers to a particular 
column, as specified, and hence the 
critical dimensions are not the same 
as those given in Table 2 of Part I, 
where infinitely long cylinders are con- 
sidered surrounded by an_ infinite 
water reflector. 


Systems of complex geometry 

For most of the equipment which 
has been discussed so far it has not 
been difficult to deduce safe dimen- 
sions because each equipment has 
been based on a single slab or cylin- 
der. There are, however, many ves- 
sels and pipe systems used in a chemi- 
cal plant which cannot be compared 
to such simple shapes. There are vari- 
ous ways of dealing with this problem: 
1. It may be possible to compare a 
particular system with another equip- 
ment which is already known to be 
safe. Thus a bundle of parallel pipes 
close together may be considered safe 
because they may take up no more 
space than a concentric safe cylinder. 
Similarly a flat array of pipes may 
be compared to a safe slab. There are 
many pipe systems in a chemical plant 
which may be examined in this way, 
and it should be emphasized that the 
plant designer can reduce the plant 
criticality hazard by applying such 
considerations at the early design 
Stage. 
2. A considerable amount of nuclear 
data has been developed over the last 
few years and it is therefore some- 
times possible for the physicist to cal- 
culate whether a particular equipment 
is safe or not. Such calculations 
usually depend on a consideration of 
a simple model which approximates 
in its features to the equipment in 
question but which is expected to be 
less safe. 
3. The only way of deciding whether 
many complex shapes are safe is to 
carry out a test run under operating 
conditions and using fissionable ma- 
terials. Such experiments are extremely 
costly to perform and the information 
obtained is often only applicable to 
the equipment under test. Such test- 
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ing is usually carried out in isolated 
and specially equipped laboratories 
and in the United Kingdom these are 
situated at Dounreay. 


Criticality experiments at Dounreay 
Work at the Dounreay laboratories 
(/0) has been particularly concerned 
with the investigation of systems 
whose nuclear safety is uncertain not 
so much because of geometrical fea- 
tures, but because of the properties 
of the constituent materials, including 
materials used to reduce the criticality 
hazard as well as those that augment 
it. Such materials may be solvents, 


TABLE 6. Critically safe plutonium sys- 
tems relevant to ion exchange processes 
Shape of vessels 
Height of vessels 
Diameter of vessels 
Total volume of 
vessels 8-72 and 6-54 litres 


right cylinder 
35 and 26-5 cm 
17-8 cm 


Material of ; 
construction Pyrex glass pipe; 
walls 4—?in. thick 
Height of plutonium 
band 8-8 cm 
Volume of plutonium 2180 ml 
Concentration of 
plutonium 165-180 g/1 
Total amount of 
plutonium 400 = 40g 
Material outside 
vessels air 
Material inside vessels a. Pu(NOs)s _ 
b. Dowex — 50 ca- 
tion — exchange 


resin 
Composition of resin c. 0-3-6:°0 M HNO; 
SS, ise 


26:2%0, 4:3 YH 


lubricating oils used in vacuum pumps, 
break-down products such as partially 
fluorinated hydrocarbons, etc. All 
these materials would be expected to 
have differing moderating properties 
and hence could upset the critical data 
for a particular unit in a plant. Of 
the other topics being investigated at 
Dounreay, one—a _ study of anti- 
criticality poisons — is of particular 
relevance to the present discussion. 
Mention has been made of the use 
of substances of high neutron cross- 
section such as boron or cadmium to 
decrease the possibility of a criticality 
hazard in chemical plant. These may 
take the form of fixed ‘ control’ rods 
or may be dissolved or dispersed in 
a homogeneous system. Boro-silicate 
glass powder or rings, or ceramic pel- 
lets containing a suitable absorber, 
have been investigated using alumin- 
ium thimble tubes (containing the ab- 
sorber) in an apparatus of the sort 
shown in Figure 4. This apparatus 
also illustrates the use of cadmium to 
control or shutdown a fissionable sys- 
tem. Thus a cadmium cylinder, which 
can surround the cylindrical core of 


fissionable solution, can be dropped 
into the tank. Boron- and cadmium- 
containing materials are also often 
used to surround the storage vessels 
which are used for fissionable 
materials. 

An interesting application of an ab- 
sorber in chemical plant is the in- 
corporation of an insoluble boron 
compound, such as_ boron-silicate 
glass, into a column packing. It is 
essential to ensure that leaching out 
of the boron cannot occur. 

The use of boron as a dispersed 
homogeneous poison in plant process 
streams has been suggested but at the 
present time it is not used in any 
large-scale process. Its use would be 
expected to lead to considerable re- 
laxation in critical parameters but 
would also lead to added process 
problems. Thus the fuel processing 
plant has as its primary aim the ex- 
treme purification of the fissionable 
material, for example, the removal 
and purification of plutonium pro- 
duced in irradiated uranium fuels. The 
presence of a strong neutron absorber, 
even in very small amounts, in the 
product plutonium might well make its 
subsequent use impossible. Even if the 
added boron can be completely re- 
moved, there are many problems con- 
nected with the stability of the boron 
in aqueous solution and at various 
parts of the chemical plant which re- 
quire study. A complete assessment, in- 
volving criticality experiments, would 
also be needed on _ boron-containing 
solutions before this technique of 
using a dispersed homogeneous poison 
could be utilized in a fuel processing 
plant. 


Dangers in typical processes 
Aqueous fuel processing 

Much of the discussion has been 
devoted to the problems of handling 
aqueous fuels and attention has been 
drawn to some of the dangers to be 
expected and some of the precautions 
to be followed. In the case of highly 
enriched fuels, it is essential to use a 
plant of restricted size because of the 
low critical dimensions for aqueous 
fissionable materials. In fact it is 
highly desirable to ensure the plant is 
completely geometrically safe. 

In the case of plant designed to 
process less highly enriched fuels, 
much existing plant does not incor- 
porate geometrically safe equipment. 
An important hazard in such plant is 
the possibility of sludge depositing 
and a non-safe layer being formed. 
The fuel dissolving section is a likely 
place for this to occur and it is desir- 
able to ensure that such sludge can 
only settle into a section of the plant 
where it forms a safe shape, or at 
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least is surrounded by a neutron ab- 
sorbing material. 

The dissolution stage and also other 
individual stages in the plant may be 
carried out batchwise. This makes the 
accounting of fissionable material 
easier but there is a danger that a 
double batch may inadvertently be 
added. For this reason, in batched 
steps it is often desirable to use safe 
quantities which are less than half the 
appropriate critical quantity. 

Continuous processes are economic- 
ally desirable but they do present ad- 
ministrative difficulties, especially if a 
hold-up occurs in the plant, because 
the associated analytical problems are 
greater. For this reason considerable 
efforts are being made to develop * in- 
line * monitoring and analytical equip- 
ment. 

Another possible place of danger in 
the processing plant is where the pro- 
cess streams separate. For example, 
in separating plutonium from natural 
uranium, or uranium-233 from thori- 
um, the stream containing the fission- 
able stream may be well monitored 
but if the process should break-down 
and the fissionable material get into 
the uranium or thorium lines, then 
there may not be suitable safeguards 
and a criticality hazard may result. 
Again this is an eventuality that the 
plant designer should guard against 
and of which the plant operator must 
always be aware. 
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Specimens of absorbing material for reducing 
criticality hazards have been investigated using 
an aluminium thimble in a cylindrical cure tank 


(Fig. 4) 
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Metallurgical processes 

In these the relevant critical data 
are much greater than those for 
aqueous processes (compare Table | 
and 4). This is one reason why such 
a great deal of work has been carried 
out on the development of high tem- 
perature processing methods in the 
USA. It is expected that, providing all 
moderators can be excluded from the 
plant, very much greater quantities of 
fissionable materials can be processed 
in a relatively small plant. On the 
other hand, such plant is very much 
more difficult to operate and there is 
already a great wealth of experience 
available in the management of aque- 
ous processes. 

Typical steps in a ‘ dry’ process are 
the following: drying and ignition of 
precipitates; conversions to metal; 
melting, casting and sintering ; rolling, 
pressing, milling and turning of the 
metal; storage. The principal hazard, 
in each case, after setting critical 
limits for each stage (which will de- 
pend on critical shapes and critical 
masses), is the sudden appearance of 
a moderating or reflecting substance. 
Flooding by water is an example— 
this could lead to a very hazardous 
situation. Interaction between adjacent 
parts of the plant is also an important 
factor and adequate use must be made 
of the spacing principle and the use 
of neutron absorbers. 

These remarks are particularly rele- 


vant in considering the storage and 
transportation of metal products. 
Many containers which ensure that 
adjacent containers are well spaced 
from other containers have been de- 
scribed in the literature. McLendon 
(4) has described one (Figure 5) which 
is used for storing and transporting 
fissionable scrap materials. 


Uranium hexafluoride processes 

The handling of uranium hexafluor- 
ide presents many interesting prob- 
lems. The pure gas has a density 
under most conditions which is suffi- 
ciently low to prevent the possibility 
of a criticality hazard. The gas is, 
however, very chemically reactive and 
is immediately converted to solid 
UO.F, by moisture. Presence of water, 
therefore, apart from introducing a 
moderator also produces a denser 
uranium product which may lead to 
critically unsafe conditions. The solid 
fluoride can associate itself with vary- 
ing quantities of hydrogen fluoride 
and water and this can lead to com- 
plications in attempting to assess criti- 
cally safe conditions. The greatest 
danger would occur with water flood- 
ing when a solution of UO,F, could 
result. McLendon et al (//) have dis- 
cussed various aspects of enriched 
uranium processing including the 
problems of handling uranium hexa- 
fluoride. 

The only other gaseous fissionable 
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substance which may be encountered 
in dangerous amounts is plutonium 
hexafluoride but no large-scale pro- 
cesses using it have yet been de- 
veloped. 


Criticality accident 

The only criticality accident, taking 
place in a chemical factory, which has 
been fully reported is that which 
occurred on June 16, 1958 at the Oak 
Ridge Y-12 plant (/2). The report of 
the court of enquiry into this accident 
is a most valuable account and one 
which should be studied by all inter- 
ested in nuclear chemical engineering. 

The accident occurred in that part 
of the plant dealing with conversion 
of uranyl intrate to uranium tetra- 
fluoride. For a number of years the 
process had been safely carried out 
using control by administrative 
methods and with conventional equip- 
ment. A new plant had been nearly 
completed for this part of the process 
and this plant had been designed on 
geometrically safe principles. In the 
interim period before complete shut- 
down of the old plant and complete 
commissioning of the new plant, sec- 
tions of both plants were in use and 
the operation of the process was the 
responsibility of three supervisors. 

At the time of the accident a 
monthly uranium inventory was being 
taken and this necessitated a stoppage 
of parts of the plant and washing out 
out of certain storage vessels. The 
whole plant was not stopped at the 
same time and so at any one time 
there was always uranium processing 
in progress. 

It is not necessary here to outline 
in detail the way in which the acci- 
dent occurred. In brief, prior to the 
accident, some enriched (90% uran- 
ium-235) uranium solution, containing 
about 50g uranium per litre, flowed 
through a valved pipeline from the 
‘safe’ plant into a storage vessel in 
the old plant. The latter vessel was of 
safe geometry. This transfer was not 
intended and was probably due to a 
leaking valve. In the old plant there 
were three of these ‘safe’ storage 
vessels connected by a valve pipeline 
and these were to be filled with water 
for leak testing. When a valve was 
opened to allow water from the stor- 
age vessels to flow into a 55 gallon 
drum, the uranium solution in the one 
tank and in the pipeline (connecting 
the old and new plant) first flowed 
into the drum. This was followed by 
water. The result was that a critical 
excursion took place in the drum and 
subsequent dilution finally produced a 
critically safe solution. It is believed 
the system was critical for about 
twenty minutes and in the initial neu- 
tron burst eight plant personnel re- 
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ceived radiation doses ranging from 
365 rads to 22°8 rads. It has been 
estimated that a total of about 105 
fissions occurred. 

There were many _ contributory 
causes which led to this accident, but 
one which is immediately most ap- 
parent is the use of an unsafe 55 
gallon drum in an enriched uranium 
processing plant. This was an unfor- 
tunate relic of the old plant where 
most of the criticality control had 


Sealing ring for drum lid- 
bolted type 








drum lid 


inside scrap container standard 
can-friction lid-6"max.1D.; or 
standard N°10can 





combustible, absorbent packing: 
placed top and bottom as 
Specified, and around containers 


wood spacer, wedge fit into drum 
and nailed through drum into wood. 
Space as shown 


7"stove pipe-double strength- 
30” long 
o ~~ 


standard 55gal. steel drum 


In this device for storing and transport- 

ing scrap fissionable materials, the con- 

tainer is held centrally in the drum by 
a wooden frame (Fig. 5) 


been enforced by administrative 
means. In a completely geometrically 
safe plant such a vessel would not 
have been permitted. 

A most interesting part of this re- 
port is the discussion of the measures 
taken after the accident, not only in 
the cleaning up of the plant, but also 
in the efforts made to assess the ex- 
tent of the critical excursion and the 
radiation doses received by the per- 
sonnel. The indium foils carried by 
process workers gave an immediate 
indication of which personnel had been 
exposed to neutrons but did not give 
reliable data on radiation doses. The 
sodium activity in the blood of the 
exposed personnel provided the best 
data on the individual radiation doses. 


Nuclear safety organization 

Attention has already been drawn 
to the necessity of criticality experts 
being brought in to assist in plant 
design at a very early stage. Their 
presence is important at the time a 
process is chosen, during the prepara- 
tion of flow sheets and detailed plan- 
ning of process equipment, and when 
the plant is tested and put into opera- 
tion. This applies for plant relying 
primarily on either geometric or ad- 
ministrative control. 

Training is of great importance 


especially when dealing with the pro- 
cess worker. He may have no special 
scientific training and yet he must be 
made aware of the danger to be ex- 
pected from a criticality accident. He 
must know what factors can lead to 
the accident and he must be taught, 
or perhaps it would be better to say 
conditioned, to act very rapidly if an 
accident occurs. It is very difficult to 
get these ideas over, particularly when 
the precautions taken are such that 
the chances of an accident occurring 
are so remote. This is discussed in the 
report on the Oak Ridge accident (/2) 
and the recommendation is made that 
process workers should receive regular 
refresher courses in nuclear safety pre- 
cautions. It is apparent that much 
depends on the choice of reliable 
supervisors; they will be mainly re- 
sponsible for keeping process workers 
prepared and for guarding them 
against the dangers of _ staleness 
through over-familiarity. 

The provision of health physics 
supervision and the siting of suitable 
detecting and measuring instruments 
throughout the plant should also be a 
responsibility of a nuclear saftey 
organization. This work is closely re- 
lated to the normal duties of the 
health physicist but does include un- 
usual features. These are discussed at 
some length in reference 12. Perhaps 
the most difficult task for the investi- 
gating committee at the Oak Ridge 
incident was the assessment of the 
total neutron does received by per- 
sonnel. Whilst much valuable data is 
included in this report, it is also 
apparent that a great deal is still to 
be learned on the problems of moni- 
toring personnel for neutrons. This 
subject is, however, outside the scope 
of the present paper. 

Whilst the dangers from a critical- 
ity excursion must not be _ under- 
estimated, it is only fair to point out 
that many chemical plants handling 
large quantities of fissionable material 
have been safely operated for more 
than a decade with complete safety. 
This remarkable record of safety has 
been achieved at the expense of plant 
efficiency. With the increasing use of 
highly enriched reactor fuels there has 
been a need for development of chem- 
ical plant of more advanced design 
and these are tending to be built on 
the geometrically safe pattern. 
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PROGRESS IN INDUSTRY 


Industrial equipment for 


noble gases 


OVER the past few years Western 
Detail Manufacturers Ltd. have in- 
creasingly concentrated on _ turning 
basic ideas developed with the UK 
Atomic Energy Authority into prac- 
ticable industrial equipment. 

One early project concerned glove 
box production and it soon became 
evident that the inert atmosphere in 
such enclosed spaces should be con- 
tinuously swept. Further, oxygen, 
moisture and in some cases nitrogen 
had to be removed. The extent of 
such cleansing can be appreciated when 
it is realized that commercial argon 
may contain anything up to 250-300 
ppm total impurities while general re- 
quirements for glove boxes are of the 
order of 15-25 ppm total impurities ; 
in some cases for vacuum boxes and 
special processes such as the welding 
of zirconium, the permissible impurity 
levels will be as low as 1 to 5 ppm. 


Streamlined service 

In order to provide a mobile unit 
capable of continuous service, these 
argon purifiers have been designed 
complete with auxiliary filters, flow 
dampers, make-up gasometers and 
automatic flow temperature control. 
The basic flow is through a compressed 
fibre-glass filter to limit solid particles, 
to a compressor capable of running 
non-stop for periods of up to 18 
months, which in turn passes the gas 
to a gettering agent furnace containing 
copper oxide pellets at 300°C; this 
deals with all the hydrocarbons by re- 
ducing them to moisture. A heat ex- 
changer reduces the temperature of 
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the gas to an ambient level before it 
passes to a regenerative drier. 

The gas is then sent through a 
second furnace charged with commer- 
cial grade calcium at 620°C to remove 
the oxygen. For the removal of nitro- 
gen, titanium, uranium or zirconium 
are used as the getter agents and the 
furnace is heated in the range of 850°C 
to 1000°C. Titanium in the form of 
sponge turnings or chips is_ the 
favoured material and will deal with 
oxygen and nitrogen. Following this 
second furnace is another heat ex- 
changer through which the gas passes 
on its way to a group of fibre-glass 
filters to remove any oxides that may 
have become gas-bound ; it eventually 
reaches a gasholder, which maintains 
correct pressure in the overall gas puri- 
fier system, and balance movements in 
the associated equipment. 

Such a system, operating at atmos- 
pheric pressure, will deliver argon with 
an oxygen content less than 5 ppm, 
moisture less than 118°F dew point, 
nitrogen content of between 15 and 20 
ppm and a hydrogen content of less 
than 8 ppm. Already these units have 
been ordered by the AEA, British in- 
dustry and a number of overseas 
atomic energy organizations. 


High purity circuits 

When the clean up of moisture, 
oxygen and nitrogen must be better 
than 5 ppm, an additional furnace is 
necessary so that the gas flows over 
copper oxide, driers, calcium then 
uranium, titanium or zirconium. The 
gas is passed at least ten times over 


AEA’s basic circuit for gas 
impurity measurement 
Discharge tube 
Gold-plated elec- 
trodes 

Inlet for gas 

Outlet for gas 
Secondary wind'ng 
of transformer 
Transformer 

Primary wind'nz of 
transformer 
Constant voltage 
transformer 
Capacitor 

Ammeter 

Lead to alarm 
system 
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This self-circulating purifier can reduce 
unwanted elements in argon to less 
than 5 ppm 
the getters at pressures of the order of 
10 atmospheres resulting in a nitrogen 

content of less than 5 ppm. 


New vacuum tube method 

A member of the AEA staff has 
devised a method of determining the 
amount of a contaminant in noble 
gases in which a vacuum discharge 
tube is used and the Authority has 
granted a licence on this patent to 
Western Detail who are now develop- 
ing the instrument up to an acceptable 
industrial and scientific standard. 
Cutting costs 

A new process recently devised by 
the company is their vacuum pres- 
sure injection moulding treatment for 
which the patent application was made 
on December 4. This is a method of 
applying resin-based materials to the 
surfaces of tubes or wall cavities where 
an extremely high standard of finish 
and close tolerances are required. 

Any thickness over 0-001 in. can be 
applied with an accuracy of + 0-0001 
in. and bore diameters, in the case of 
tubes, can be produced with similar 
fine limits. Already several cell ser- 
vice tubes have been lined by this 
method at AERE, Harwell. Here the 
tubes to be lined were of mild steel 
and each had three sections of differ- 
ent diameters—a thickness of 0:0015 in. 
was applied and an overall limit 
on thickness and concentricity of 
~ 0-0002 in. was maintained. 

Advantages of this process are that 
any unevenness in the original hole, 
such as a rough concrete surface, does 
not in any way lower the accuracy of 
the finished bore; the coating may be 
equally well applied in the workshop 
or on site; it also enables compara- 
tively cheap materials to be used to 
meet requirements that previously 
could only be satisfied by machining 
expensive alloy steels. 
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Manipulators 


The manipulators used at atomic establish- 
ments have to operate under exacting condi- 
tions. They are constructed of stainless steel 
and Kanigen plated aluminium and the plate 
serves two functions. It resists corrosion and, 
because of the smoothness of the finish, it also 
assists in decontamination of the component 
parts from radio-active material; and the com- 
bination of stainless steel and Kanigen plated 
aluminium reduces the electro potential differ- 
ence between the component parts. These 
manufactured by Savage & 
, are supplied to users all over 
is used on the aluminium 
of the Tong End assembly and the Ma ‘er 

Hand assembly. 
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KANIGEN is a nickel-phosphorus plate deposited 
by chemical reduction: thickness can be con- 
trolled to fine limits and is of complete and 
uniform coverage. 


PROPERTIES: 
Composition 92% Nickel 

8% Phosphorus 
Melting point 890°C. 


Electrical 60 microohm cm. 
resistivity 


Hardness 500—1,000 V.P.N. 

according to heat 

treatment 
Coverage Extremely uniform 
Kanigen can be applied to all ferrous metals, 
aluminium, copper and brass. The plating plant 
at Oldbury has now been extended, two extra 
plating tanks are in operation and enquiries for 
jobbing plating are welcomed. Full information 
is available on request. 


Albright & Wilson 


(MFG) LTD 
Kanigen Department 
1 KNIGHTSBRIDGE GREEN - LONDON SWI 


Kanigen is aregd. trademarkofAlbright &WilsonLta 
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MULTI-CHANNEL GAUGING 

remote control 
A low cost multi-channel gauging sys- 
tem for use in industrial applications 
has been introduced by Tracerlab. The 
equipment employs a new type of radia- 
tion detector with a range of one million 
to one. It is adaptable to gauging applica- 
tions which require the use of multiple 
detectors; among these are ore, coal, and 
grain handling systems in which an 
operator can control the amount of 
materials being stored in holds, bins, or 
elevators from a distance. Each probe is 
moisture sealed and shock proof and 
contains a transistorized miniature rate- 
meter, the output of which is displayed 
on a meter that may be located up to 
two miles away. A single control and 
power unit provides power for up to ten 
probes and if necessary, a multi-point 
recorder is available to provide a per- 
manent record. 

The equipment has a_ temperature 
stability range from 0°-175°F; a fast re- 
sponse (less than 2 second time con- 
stant); and incorporates dual alarm 
systems, visual and audible. All units 
are interchangeable. 

Tick No 208 on reply card 


SCINTILLATION COUNTER 
lightweight medical unit 


A recent addition to the range of nuclear 
equipment for medical use produced by 
Ekco is a lightweight scintillation coun- 
ter, Type N618, with a directional shield, 
N651. The counter is constructed in a 
sealed stainless steel container enabling 
it to be cold-sterilized. The output from 
the photomultiplier tube is fed via a 





In the N618 a continuously adjustable 
coincident lightspot rangefinder is in- 
corporated 


cathode-follower stage to the perman- 
ently-attached cable from which con- 
nexions can be made to a suitable rate- 
meter or scaler. The unit normally re- 
quires the use of a separate amplifier 
when connected to ratemeters or scalers 
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requiring a minimum output of 5 volts 
but it can be connected directly to the 
Ekco Type N600 ratemeter. 

The directional shield retains the scin- 
tillation counter by means of a simple 
clamp ring and it can be fitted with any 
one of three standard collimators to pro- 
vide alternative angles of acceptance. 
Tick No 209 on reply card 


LIQUID LEVEL INDICATOR 


ultra-sensitive probe 
In an effort to provide very fine control 
for water-moderated reactors, the AEA 
have developed a hunting probe liquid 
level indicator with a high degree of 
accuracy—claimed by the Authority for 
one application to be better than one 
part in a hundred thousand. 

It consists essentially of an electrical 
probe with a platinum point contact 
suspended from a stainless steel wire 
wound on a drum, a split field d.c. 
motor, a thyratron, and a level indicator. 
In operation, the probe is lowered on to 
the surface of the liquid so that when it 
touches the surface a circuit is com- 
pleted which fires a thyratron. This re- 
verses the motor so that the probe is 
raised until contact is broken with the 
surface of the liquid, when the first 
sequence is repeated. The speed of the 
‘hunting’ response of the probe is such 
that the amplitude of motion of the 
probe is only a few thousandths of an 
inch. 

This design has now been made avail- 
able for commercial exploitation. 

Tick No 210 on reply card 


PROFILING MACHINE 


works direct from drawings 
By combining a Canadian Westinghouse 
electronic control system and an optical 
tracer head of their own design, Han- 
cocks have produced an oxygen cutting 
machine which eliminates the need for 
templates and will work direct from pen- 
cil line drawings. 

The tracer head incorporates a photo- 
cell which vibrates with the frequency of 
the electricity supply. This causes the 
photocell to scan the white areas on 
either side of the line drawing and this 
results in a signal at twice line frequency. 
Any tendency of the machine to wander 
from the line or any change in direction 
of the line itself, i.e. a displacement of 
the line from the centre of vibration, 
means that two different amounts of 
light are focused on the photocell in 
turn. This results in an_ error signal 
which is amplified and used to supply 





the control winding of a servo motor 
which in turn is geared to the tracer 
head and in effect steers it directly above 
the line. A roller drive enables the ma- 
chine to operate without physical con- 
tact between the tracer head and the 
drawing. 

An optical device centred around a 
prism is built into the tracer head. A 
calibrated dial is provided which enables 
compensation for width of cut to be 
made on the machine itself instead of 
having to make drawings of special di- 
mensions. The setting control slightly 
alters the angle of the prism so that the 
line of the drawing appears to the photo- 
cell to be offset to either one side or the 
other by an amount corresponding to 
half the cut width for any given thick- 
ness of plate. Thus the finished profiled 
shapes come out exactly the same size 
as the pencil drawing. 

Plates up to 10ft X 10 ft in area and 
10 in. thick can be dealt with by these 
machines. 

Tick No 211 on reply card 


SHIELDING BLOCKS 


densified laminated wood 
Mechanically strong enough to do with- 
out structural support and suitable for 
intricate shapes, wood laminates with a 
hydrogen content of 6}°% are now avail- 
able for biological shielding. These 
Jabroc N shield blocks are formed from 
beech wood veneers interleaved with 
synthetic resin and are compressed under 
high temperature and pressure condi- 





Jabroc N prior to coating. Blocks up 


to 8ft X 4ft and I4ft X 
have been produced 


lft 4in. 


tions. For thicknesses greater than 4 in. 
the blocks are bonded with a cold-setting 
resin and laminated-wood dowels are 
used to preserve the shielding properties 
and ensure accurate assembly. Com- 
pleted blocks are covered with cadmium 
sheet and finally enclosed in hot-air 
welded PVC sheet to protect the cad- 
mium. 

Tick No 212 on reply card 


IN BRIEF 


High temperature diodes. International 
Rectifiers have introduced an economi- 
cal range of 400 PIV-rated silicon diodes. 
Suitable for operating at temperatures up 
to 70°C. 

Tick No 213 on reply card 
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Can you afford 


a defective tube? 


SPERRY 






“INTROVIEW” 


NON-DESTRUCTIVE 
TESTING EQUIPMENT 


(Manufactured under licence from 1.C.1. Ltd.) 


Recent development of the “ Introview ~ non- 
destructive testing equipment now enables it to be 
used for checking grades of stainless steel tubing. 

A range of frequencies is employed to facilitate 
accurate testing by eddy-current principles with an 
instrument which is equally valuable for production 
testing and for checking in service. 


GYROSCOPE COMPANY LIMITED 


INDUSTRIAL DIVISION 
Great West Road. Brentford, Middlesex. 
Telephone: ISLeworth 1241. 
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INDUSTRIAL 
NEWSDESK 


Beryllium fabrication 


The ICI have recently brought into com- 
mission their new metals works at Wit- 
ton, a project that has cost some £M10. 
Included in this plant are facilities for 
the processing of beryllium and already 
two-shift work is being carried out. The 
main output is for fuel cans for the 
Authority’s AGR and beryllium will also 
be used for certain ancillary equipment. 

A subsidiary of TI, Chesterfield Tube 
Co. Ltd., have concluded a * know-how ’ 
agreement with the Superior Tube Co. 
of the US for the manufacture of beryl- 
lium tubing. This works has already re- 
ceived contracts totalling some £250,000 
for beryllium tubing from the AEA, 
America and France 


US Industry consolidates 

A merger has been arranged beween the 
Refinery Engineering Co. of Tulsa and 
Vitro Engineering Co. of New York. A 
new division of Vitro’s will be estab- 
lished known as the Treco Construction 
Division and will be engaged in com- 
pleting existing power plant projects in 
the US, Italy and India. 

As a development in their long-range 
plans for the diversification of their acti- 
vities, General Mills Inc. have purchased 
Magnaflux Corporation of Chicago, US 
pioneer in the development of techniques 
and equipment for the non-destructive 
detection of flaws 

The Invar Electronics Corp., manu- 
facturers of solid state power supplies 
and electronic instruments, have been 
acquired by Telemeter Magnetics Inc. 
This will provide Invar with financial 
support for the development of new pro- 
ducts. 

Electro Powerpacs, Inc., a subsidiary 
of Hydra-Power Corporation, has ab- 
sorbed Dormitzer Electric & Manufac- 
turing Co. Inc., who developed and 
manufactured throwover emergency light- 
ing systems and equipment. A consoli- 
dated sales programme is now being for- 
mulated for the three companies. 


Export drive stepped up 

As part of its programme of integration, 
Associated Electrical Industries Ltd. have 
established a number of selling com- 
panies overseas trading in the name of 
AEI. The first to become operative was 
AEI (Canada) Ltd. and since November 
1 a further four companies have started 
operations. These are ivcated at Salis- 
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bury, Southern Rhodesia; Johannesburg, 
South Africa; Wellington, New Zealand; 
and Rio de Janeiro, Brazil. 


Negotiations are being conducted 
between Elliott-Automation Ltd. and 
Manufacture de Machines du Haut- 


Rhin SA, of Mulhouse, for the manu- 
facture of Elliott’s equipment under 
licence in France. 

As part of an extensive sales tour of 
Southern Europe and the Middle East, 
Mr. L. A. Johnson of Detel Products 
Ltd. has visited Rome. He discussed with 
the Italians the application of his com- 
pany’s protective coatings for 
nuclear installations at present 
construction. 

A new company has been set up in 
Australia, International Computers & 
Tabulators Australia Pty, Ltd.. to take 
over the Hollerith and Power-Samas in- 
terests. It will be the largest company in 
the data-processing field in Australasia. 


Italian 
under 


New designs in the UK 

The Nuclear Chicago Corporation, NCC, 
have appointed Continental Distributors 
Ltd. as their official agents in the UK. 
Early in 1960 full servicing facilities will 
be available in London for NCC’s 
measuring instruments. 

Production of the Pace 231-R ana- 
logue computer has now started at Bur- 
gess Hill by Electronic Associates Ltd., 
a new company formed by Electronic 
Associates Inc. of Long Beach. 

General Dynamic’s Electric Boat Divi- 
sion have agreed to Keith Blackman Ltd. 
manufacturing to their patented design 
for axial fans with special slotted blade 
formation. The advantage of this design 
is that it provides a means of boundary 
layer control. This type of fan has been 
installed in all the nuclear-powered sub- 
marines built in the US. 

To extend their range of compressors, 
G. & J. Weir Ltd. have concluded an 
agreement with Clark Bros. Co. Division 
of Dresser AG to manufacture to Clark’s 
designs. The full range of reciprocating 


LEAK TESTING 
AEA’s Springfields 
Works have now 
produced over a 
million uranium fuel 
rods, each of which 
is subjected to rig- 
orous tests includ- 


ing mass spectro- 
metry using AEI 
equipment 





and centrifugal compressors will be 
interchangeable with the original US- 
made models and will be available to all 
the sterling bloc countries. 

To meet the demand for high tempera- 
ture cracked ammonia for use in the 
heat treatment of metals, the Gas Atmos- 
pheres Division of the Incandescent 
Heat Co. Ltd. are now producing am- 
monia crackers to the design of the US 
Drever Co. 

Semi-Elements Inc. have appointed 
L. Light & Co, Ltd. as their sole UK 
representative. This is expected to facili- 
tate distribution of single crystals of vari- 
ous elements which Semi-Elements make 
for nuclear and thermoelectric research. 


More industrial research 

To accelerate development of advanced 
nuclear fuels, Texas Instruments Inc. 
have established a branch of its central 
research laboratory in Attleboro, Mass. 
It will be located near M & C Nuclear 
Inc. to take advantage of their facilities 
and experience in fabricating fuel ele- 
ments and core components. 

Cambridge Instrument Co. Ltd. have 
recently opened new research labora- 
tories at their works in Cambridge. They 
will be used to carry out a three-fold 
programme—fundamental research into 
new methods of measurement, exploita- 
tion of existing methods in science, in- 
dustry and medicine, and improvement 
and development of existing designs. 

To produce a new mass spectrometer 
leak detector and other vacuum tech- 
nology equipment, Crosby-Teletronics 
Corp. have formed a vacuum research 
division, This new facility will be mainly 
engaged on designing and making test 
equipment of much greater sensitivity 
than has hitherto been available. 

Increasing demand of computer com- 
ponents and nuclear magnetic resonance 
equipment has made it necessary for 
Harvey-Wells Electronics Inc. to expand 
their research and development division. 
Nuclear magnetic field control equipment 
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ERMETO 
FLEXIBLE HOSE... 
now with two ranges of end fittings 








To meet the increasing demand 
for high pressure flexible hose 
and hose units, The British 
Ermeto Corporation are marketing 
a pre-swaged hose end in addition 
to the existing twin-saddle type. 
For both types a wide selection of 
end fittings are available: 90° and 
135° bends, B.S.P. male and 
female ends, captive nuts, etc., in 
addition to the straight standpipe 
end which can be used with 
standard Ermeto fittings. 




















Hose can be supplied for 
hydraulic, pneumatic and steam, 
and chemical applications, in 
continuous lengths of up to 60 ft. 
Technical advice and information 
gladly supplied on request. 


ERMETO 





BRITISH ERMETO CORPORATION LTD 





HARGRAVE ROAD - MAIDENHEAD - BERKS 
TELEPHONE: MAIDENHEAD 5100 
A MEMBER OF THE ALENCO GROUP OF COMPANIES 
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UNITS FOR HUNTERSTON With one 

on site for gas circulator system testing 

and two approaching completion, the 

GEC contract for the sixteen gas-circula- 
tor motors is on schedule 


and high resolution magnets, up to five 
tons in weight, will also be developed by 
this division. 

Scheduled for completion in the latter 
part of 1960, the Union Carbide Re- 


INDUSTRIAL NEWSDESK’ 


search Institute near Tarrytown, NY, is 
now being constructed. When completed 
it will be used for theoretical and ex- 
perimental studies on the fundamental 
physical and chemical principles affecting 
high-temperature materials. 


In brief 

New research tool. The United States 
AEC have placed a $M1 order on High 
Voltage Engineering Corp for a 10 MeV 
tandem Van de Graaff particle acceler- 
ator. 


More manipulators. H. M. Hobson Ltd. 
has been awarded a contract for the 
design, manufacture, erection and com- 
missioning of three caves and ten cells 
at the CEGB’s Berkeley research lab- 
oratory. 


Towards simplification. The first section 
of the British Standards Institution new 
Master Schedule of Steel Standards has 
been issued. This is BS3141 and covers 





wrought steels and should greatly help 
in eliminating the needless and unecon- 
omic diversity of output caused by the 
existence of the large number of earlier 
sectionized specifications. 


Free training. To encourage technicians 
to study atomic energy, Hungary is 
allowing students to take 20 hours a 
week free from their normal employ- 
ment to study reactor engineering, 
nuclear electronics or nuclear chemistry. 


Trawsfynydd’s switchgear, Associated 
Electrical Industries Ltd. is to supply the 
CEGB with 275 kV air-blast switchgear 
to control the output of this station. The 
value of the contract is £900,000. 


First in the Soviet Union. A 4 MeV 
linear accelerator, designed for X-ray 
treatment of deep-seated tumours, is to 
be supplied by Mullard Equipment Ltd. 
for installation in Moscow. This is the 
first British equipment of its kind to be 
ordered by the USSR. 





LOOKING 
AHEAD 


MONDAY 4 JANUARY—FRIDAY 29 APRIL 

No. 20 Harwell Reactor es. A gace- 
tions to the Principal, Reactor ool, 
AERE, Harwell, Didcot, Berks 


TUESDAY 5 JANUARY 

Heat transfer to two-phase gas/liquid sys- 
tems J. A. R. Bennett, J. G. Collier, 
H. R. C. Pratt and J. D. Thornton, and 
Pressure drop and hold-up two- oe flow 
J. G. Collier, J. D. Thornton and J. R. 
Bennett, the Institution of Chemical Engin: 
eers 5.30 at the Geological Society, Bur- 
lington House, London, 

The Use of Plastics in Engineering C. L. 
Child, Technical Service and Development 
Dept, ICI, the Institution of Plant Engin- 
eers 7.30 at the White Lion Hotel, Church 
St., eae apanes 


IRSDAY 7 JANUARY 
Recent Mechanical Engineering Develop- 
ments in Automatic Control (Symposium) 
The Institution of Mechanical Engineers, 
applications to the Secretary, 1 Birdcage 
Walk. Westminster, London, SWI 


WEDNESDAY 6 JANUARY 

Nondestructive Testing E. McCabe, Insti- 
tition of Electrical Engineers, Southern 
Centre, 6.30 at CEEB Offices, Portsmouth 


MONDAY 11—SUNDAY 24 JANUARY 

Effects of Atomic Radiation. Scientific Com- 
mittee of the General Assembly at UN 
Headquarters, New York, USA 

TUESDAY 12 JANUARY 

Submersible Pumping Plant H. H. Ander- 
son. BSc, and W. G. Crawford, BSc. Insti- 
tution of Electrical Engineers. North Eastern 
Centre. 7.00 at Workington College of Fur- 
ther Education 





WEDNESDAY 13 JANUARY 

Electrification of the UKAEA Industrial 
Group Factories J. W. Binns and 7 | 
Outram MEng, Institution of Electrical En- 
gineers. North Lancashire Sub-Centre, 7.15 
at NWEB Demonstration Theatre, Friargate, 
Preston 


Health Physics and Nuclear Power B. C 


Godbold, BSc. AlnstP. AMIEE, Women’s 
Engineering Society 7.00 at Hope House, 


45 Great Peter St., Westminster, London, 
SWl 

THURSDAY 14 JANUARY 

Pipeline Cleaning Techniques M. Webb, 


BSc, the Institution of Plant Engineers 7.00 
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at Roadway House, Oxford St., Newcastle- 


upon-Tyne 


THURSDAY 14—FRIDAY 15 JANUARY 

Problems of Radioactivity at Water and 
Sewage Works Short course of lectures, 
applications to the Registrar, The Manches- 
ter College of Science and Technology, 
Manchester, 1 


FRIDAY 15 JANUARY 

Reactor Physics (15 week course) Technical 
University of Trondheim, Norwa 
Postgraduate Course in Nuclear Engineering 
for Engineers (22 week course) Institute of 
Technology. Applications to University of 
Lausanne, Avenue de Cour 33, Lausanne, 
Switzerland 


MONDAY 18 JANUARY 

The Design of Electro-Mechanical Auxiliaries 
directly associated with Power-Producing 
Reactors A. E. Harwood, P. Scott, MA. 
and B. H. Stonehouse, BSc, Institution of 
Electrical Engineers, Western Supply Group. 
6.00 at South Wales Institute of Engineers, 
Park Place, Cardiff 


MONDAY 18 JANUARY 

The Engineering Problems anticipated in 
Space Travel M. J. Brennan, BSc, MIMechE, 
FRAeS, the Institution of Plant Engineers 
7.00 at the Meeting Hall of the Institution 
of Mechanical Engineers, 1 Birdcage Walk, 
London, SW 


MONDAY 18—FRIDAY 22 JANUARY 

44th Exhibition of Scientific Instruments and 
Apparatus by The Physical Society at the 
Royal Horticultural Society’s Halls, West- 
minster, London, SW 


WEDNESDAY 20 JANUARY 

Fine Measurement John R. Adams, BSc, 
AMIMechE, The Institution of Plant Engin- 
eers 7.30 at the Bell Hotel, Leicester 


WEDNESDAY 20—THURSDAY 21 JANUARY 
Reliability of Digital Computer Systems A 
series of discussion meetings at the Institu- 
tion of Electrical Engineers, Savoy Place, 
London, WC2 


THURSDAY 21 JANUARY 

Serial Gravity Concentration—A New Tool 
in Mineral Processing J. H. Harris, MIMM, 
and, Use of Moving Bed Ion Exchange in 
the Recovery of Uranium at Can-Met Ex- 
ploration Ltd., Blind River, Ont. P. D. R. 


Maltby. AMIMM, the Institution of Mining 
and Metallurgy 5.00 at the Geological 
Society, Burlington House, Piccadilly, Lon- 
don, 


TUESDAY 26 JANUARY 
Control and Instrumentation of Marine 


Reactors R. Anscombe, OBE, and F. Hut- 


ber, Institute of Marine Engineers 5.30 at 
the Memorial Building, 76 Mark Lane, 
London, EC3 


THURSDAY 28 JANUARY 

Instrumentation Dr. R. H. Baulk, The Insti- 
tution of Plant Engineers 7.30 at the Grand 
Hotel, Sheffield 


LOOKING FURTHER AHEAD 


SUNDAY 3—FRIDAY 8 APRIL 

Sixth. Nuclear Congress, Nuclear Engineer- 
ing Conference, International Atomic Exhi- 
bition and Eighth Atomic Energy in Indus- 
try Conference at New York, USA 


TUESDAY 5—SATURDAY 9 APRIL 
Ninth Electrical Engineers’ 
Earls Court, London, SW5 


TUESDAY 19—FRIDAY 22 APRIL 

International Symposium on the Metallurgy 
of Plutonium. Session on Nuclear Fuels, 
Société Frangaise de Métallurgie and French 
Atomic Energy Commission at Grenoble, 
France 


Exhibition at 


FRIDAY 29—SATURDAY 30 APRIL 

Convention on Thermonuclear Processes. 
The Institution of Electrical Engineers at 
Savoy Place, London, WC2 


MONDAY 9—FRIDAY 20 MAY 

Special Harwell Course for Senior Techni- 
cal Executives. Applications to the Princi- 
pal, Reactor School, AERE, Harwell, Did- 
cot, Berks 


MONDAY 16—WEDNESDAY 25 MAY 

Course on Reactor Environmental Health 
Problems, Robert A. Taft Sanitary Engin- 
eering Centre at Cincinnati, Ohio, USA 


MONDAY 23 MAY—FRIDAY 3 JUNE 

Fourth Reactor Control and Instrumenta- 
tion Course. Applications to the Principal, 
Reactor School, AERE, Harwell, Didcot, 
Berks 

SUNDAY 5—THURSDAY 9 JUNE 

Sectional Meeting of the World Power Con- 
ference in Madrid. Applications to the Sec- 
retary, British National Committee, World 
Power Conference, 201-2 Grand Bldgs., Tra- 
falgar Sq.. London, wc2 


SUNDAY 12—WEDNESDAY 15 JUNE 
Sixth Annual Meeting of the Amerian Nu- 
clear Society at Chicago, Illinois, USA 


MONDAY 13—WEDNESDAY 29 JUNE 

Seventh International Nuclear Congress & 
Exhibition on Electronics & Atomic Energy. 
National Committee for Nuclear Research 
at Rome, Italy 
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POTENTIOMETER TRANSMITTER 


represents a unique concept in a bridge balancing Potentiometer. 





ELIMINATES NEED for Slide Wire—Battery— 


INPUT CIRCUIT 


INPUT | ZERO ADJ. 


















Standard Cell or Moving Parts 





AC/DC CONVERTER] | DC 
PHASE SENSITIVE F- AMPLIFIER 










































































Either up-scale or down-scale thermocouple burnout protection. 


o——; SPAN ADJ. DETECTOR 
| O-S5ma 
| | OUTPUT 
VOLTAGE 105/250V SOC 
REGULATOR POWER SUPPLY —" 
STD. ADJ. © 
JACK 
FEEOBACK OTHER EL. ELECTRO-PNEUMATIC 
RECEIVERS TRANSDUCER 
| 3-15 psi 
AIR SUPPLY OUTPUT 
p> Transmission—electrical 0.5 mA D.C. and/or pneumatic 3-15 p.s.i. 
Contact p> Interchangeable plug-in printed circuit. 
Taylor p> One standard amplifier. 
NOW p> Continuous vernier zero or suppression adjustment. 
> 
- 


Bulletin 98262/GB gives full details 


Highly sensitive to input signal—uniformity of performance. 
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They said... 


points from papers, speeches, conferences 





Fuel element efficiency 


Calder Hall fuel element failures and 
troubles anticipated in the present gen- 
eration of CEGB stations, with possible 
solutions, were discussed by Sir John 
Cockcroft in, a speech at Delft, Hol- 
land, recently. Referring to Calder Hall 
he said that ‘in the early stages of 
operation a complete change of charge 
took about ten weeks, but this has now 
been reduced to about 4} weeks (the 
fuel elements in these reactors cannot 
be changed under load). Between these 
major changes of fuel elements the re- 
actors have generally operated with load 
factors of about 90%. Of the remaining 
10%, of lost time, half is accounted for 
by unscheduled maintenance, two or 
three per cent by experimental work and 
the remainder by the occasional need 
to change faulty fuel elements. A large 
proportion of the 27 failures have oc- 
curred in the colder fuel elements at the 
lowest position in a reactor channel. 
Only one failure of this type has 
occurred in the position above the lowest 
where the fuel elements are at a tem- 
perature about 100 degrees hotter than 
in the lowest position. These failures are 
due to the strains developed in the mag- 
nox can by the small end-growth of 
uranium and the lack of ductibility of 
magnox at the low temperature ’. 

Reverting to more general terms on 
power production, Sir John said ‘ During 
the course of nuclear power develop- 
ment a convention has grown up that 
natural uranium fuel elements should be 
expected to achieve a burnup of 3000 
MWd/T and uranium oxide fuel ele- 
ments should be expected to achieve a 
burnup of 10,000 MWd/T. There is of 
course no precise technical validity for 
either of these figures. Burnup has an 
upper limit for any reactor depending 
on the nuclear characteristics of the re- 
actor. For natural uranium reactors of 
the Electricity Board type, the reactivity, 
or neutron balance, should permit an 
average burnup of 4500 MWd/T to be 
achieved. The corresponding burnup for 
reactors using uranium oxide fuel ele- 
ments will depend on the degree of en- 
richment of the fuel and they can of 
course be designed so that reactivity 
considerations will permit burnup of 
10,000 MWd/T to be achieved ’. 

These figures of burnup do not com- 
pare favourably with those at present 
being used by Euratom —there 18,000 
MW4d/T is the current rating (see Cross- 
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Section, November 1959)—but Sir John 
Cockcroft stated that up to mid July, 
1959, some 99,000 fuel elements had 
been irradiated and the maximum burn- 
up achieved was 1300MWd/T and a 
maximum dwelling-time in the reactor 
of about 19 months. 

Referring to the stations at present 
under construction, the speaker noted 
that the fuel elements will be operating 





Sir JOHN 
hopes for greater efficiency 


at a temperature of about 30°C higher 
than normal for the Calder Hall-type of 
fuel elements. This will possibly lead to 
a swelling of the uranium metal due to 
the internal pressure of the fission gases. 
Against this, the higher operating tem- 
perature may lead to the elimination of 
graphite sleeving and he said ‘since the 
Electricity Board reactors and the Latina 
reactor operates with higher graphite 
temperatures, it is possible for the de- 
signers of some of the stations to dis- 
pense with sleeves and I understand that 
sleeves are not to be fitted at Latina’. 
Keeping close control 

Another aspect of reactor operation 
reviewed in this address was that of 
power and flux oscillations. Sir John 
said ‘we have observed no evidence in 
Calder reactors of the slow radial and 
axial oscillations of power and flux re- 
ported in the Shippingport reactor. The 
theory of these oscillations, which are 
due to xenon accumulation, is however 
well understood and they may be ex- 
pected to occur in the larger reactors of 
the Electricity Board power stations. We 
have carried out an extensive series of 
calculations on these instabilities 
the results show that the radial instabil- 
ity will have periods of about 25 minutes 
in a typical reactor. The oscillations will 
be automatically reduced to small ampli- 





tudes by installing about nine fine sector 
controllers for radial and azimuthal dis- 
tributions °. 

‘Calculations on the axial oscillations, 
tracing these by one dimensional methods, 
suggest that axial instabilities are un- 
likely to arise. Three dimensional cal- 
culations are now being carried out. The 
results will show whether any additional 
controls will be required to suppress 
these oscillations ’. 


AIF talks rockets 


In Washington the potentialities of nu- 
clear energy were being rated at a rather 
higher level. Dr. Hugh L. Dryden, 
deputy administrator of the US National 
Aeronautics & Space Administration, 
when addressing the annual conference 
of the Atomic Industrial Forum at the 
beginning of November last, said that a 
rocket powered by a reactor may be 
ready to explore interplanetary space 
within the next ten years. 

The conclusions reached by the 
speaker were that ‘the potentialities of 
the use of nuclear power in the explora- 
tion of space are very great indeed, both 
for primary propulsive power and aux- 
iliary power. In fact there are certain 
tasks involving large payloads accelera- 
ted to high velocities for deep space 
missions than cannot be accomplished by 
any other practicable means’. 

After reviewing the stages of nuclear 
application to the problems of space pro- 
pulsion and underlining that the conven- 
tional application of nuclear fission to 
the rocket is a reactor used to add heat 
to a propellant, Dr. Dryden said ‘the 
great advance in nuclear technology re- 
quired for space application is bound to 
bring benefits to all nuclear technology 

Project Rover, a cooperative pro- 
gramme between the US Atomic Energy 
Commission and National Aeronautics & 
Space Administration, is intended to ex- 
plore and demonstrate the feasibility of 
developing such a system ’. 

According to T. P. Cotter of the Los 
Alamos Laboratory in a recent paper, 
the experiments now in progress as part 
of Project Rover, represent a first but 
important step toward the development 
of a system, which will not at first be 
spectacularly better than chemical sys- 
tems but which has greater potentiality 
for development well beyond that pos- 
sible for chemical systems. 


More processing 


At a discussion in November last at the 
Institution of Chemical Engineers on the 
second uranium plant, Springfields, Mr. 
L. P. Shortis of AEA said that this has 
been operating for 15 months. He went 
on to say that as the design calculations 
had not been borne out in _ practice, 
‘in future plants they would try to avoid 
stage interdependence.’ 
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EKCO ttectronies 


for Reactor Instrumentation 


Ekco Electronics have been responsible for the complete nuclear 
instrumentation of a number of reactors and have supplied instruments 
for most of the reactors built in Great Britain and throughout the world. 
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Reactor Period Meter N588 


Logarithmic Gamma « 
Health Monitor N638 


bi Siow Neutron Survey Meter N§ 
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Shut-Down Amplifier (with start-up 
Leak Indicator Misalignment Indicator facilities and shut-down state trip) N637 
(for external heavy water leak) 1509A (for coarse control arms) 1512A Ratemeter 1463A 
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> Resistance Thermometer Trip Unit Reactor Power Error Meter N592 
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Fast Neutron Head N593 


me natacennisis 


Thermocouple Trip Amplifier N642 


EKCO 
ELECTRONICS LTD. 


SOUTHEND-ON-SEA 
ESSEX 


Tel: Southend 49491 


0) ahead in reactor instrumentation 


WPS 301 
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NAMES 


IN THE 


NEWS 


Capt. R. S. Hawkins, RN, has been 
appointed Deputy Director of Marine 
Engineering (Rear Admiral Nuclear Pro- 
pulsion) in succession to Rear Adml. 
G. A. M. Wilson who has held the post 


Capt. R. S. 
HAWKINS, RN, 
nuclear responsibility 


since it was first established in 1957. 
Capt. Hawkins will be responsible for 
implementing the findings of the Gal- 
braith Committee which are expected to 
be announced shortly. 

The American AEC has established a 
post of Assistant General Manager with 
responsibility for the Commission’s ac- 
tivities in the fields of licensing, health 
and safety. Mr. William F, Finan, pre- 
viously assistant director for manage- 
ment and organization of the Bureau of 
the Budget, has been appointed to the 
post. 

The managing director, Mr. J. W. Mere- 
dith, of Huntington, Herberlein & Co. 
Ltd., a subsidiary of Simon-Carves Ltd., 
has been appointed a director of the 
parent company. 

[he fourth Enrico Fermi award, worth 
some $50,000, has been awarded to the 
nuclear scientist, Dr. Glenn T. Seaborg, 





CATALOGUES 
AND 
BULLETINS 


Moby Dick. Mitchell Engineering have 
issued a booklet reviewing their mercan- 
tile nuclear power submarine project. 
Cargo handling and navigational details 
are included. 

Tick No 214 on reply card 

Better pipe lines. ‘ Design of welded pipe 
fittings’ is the title of a new handbook 
published by the British Welding Re- 
search Association; it gives extensive 
stress measurements as well as practical 
design applications. Copies may be had 
from the association, price 15s. 

Tick No 215 on reply card 
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Chancellor of the University of Cali- 
fornia ‘for discoveries of plutonium and 
several additional elements and _ for 
leadership in the development of nuclear 
chemistry and atomic energy.’ 

Mr. T. B. Ellis has been appointed Secre- 
tary of The General Electric Co. Ltd., 
and has taken over from Mr. T. B. O. 
Kerr who was recently appointed director 
for finance and administration (see last 
month’s Names in the News). 

General Dynamics Corporation’s General 
Atomic Division has appointed Mr. 
George E. Kidd as Head of the Mechan- 
ical Engineering Division at the John 
Jay Hopkins Laboratory for Pure and 
Applied Science. 

Following the retirement in December 
of Mr. James E. Brinckerhoff after 40 
years’ service The Babcock & Wilcox 
Company has appointed Mr. Robert A. 
Barr as vice president in charge of the 
Refractories division, 


R. A. BARR, 
leads B & W 
Refractories division 





ae. oN 

After being Head of the Fatigue Depart- 
ment of the Bristol Aircraft Co. for six 
years, Mr. Tibor Hass, Dipl.Ing, 
AMIMechE, AFRAeS, has joined the 
British Welding Research Association as 
Head of the Design Section in the newly 
formed Members’ Service Department. 
Iwo British scientists, Professor John T. 
Randall, Wheatstone Professor of Physics 
at London’ University, and Dr. 
Henry A. H. Boot, Senior Principal Sci- 
entific Officer, Royal Naval Scientific 





Service, have received the 1959 John 
Scott medal and award for their inven- 
tion of the cavity magnetron. 

To consolidate their position in South 
America, Mr. R. J. Horlock of the ex- 
port department of John Thompson Ltd. 
is moving to Buenos Aires to manage a 
new branch office for the John Thomp- 
son Group. 


R. J. HORLOCK 
to take charge in 
South America 


Dr. Mostafa B. Talaat, an Egyptian-born 
engineer, has joined the Nuclear Divi- 
sion of the Martin Company to direct 
all research and development work on 
energy conversion. He will concentrate 
especially on thermoelectric, thermionic 
and magneto-hydrodynamic systems. 


Dr. M. B. TALAAT, 
thermonuclear interests 


The American Timoshenko Medal, given 
for distinguished contributions to the 
basic engineering science of applied 
mechanics, has been awarded this year 
to Sir Richard V. Southwell, former 
Rector of the Imperial College. 
Lieut.-Cmdr. D. F. Battison, RN(retd.), 
has been appointed sales manager of 
Electropol Processing Ltd. 





Research equipment, Two leaflets from 
Spembly describe two new products— 
Capaciior Discharge Welding Apparatus 
(No 26) for fine wire welding and Hot 
Plates (No 28) which were designed for 
hot cell use at Dounreay. 


Tick No 216 on reply card 


Export service. The latest version of 
Negretti & Zambra’s general catalogue 
has been issued in German. This des- 
cribes their range of temperature mea- 
suring equipment and is the fifteenth 
overseas version. 


Tick No 217 on reply card 


Remote control. Applicable for a wide 
range of industries, the Armstrong Actu- 
ator is fully described, together with its 
accessories and possible circuits, in a new 
booklet published by the makers. 

Tick No 218 on reply card 


Materials for high temperature, Informa- 
tion sheet M897/1 gives the salient fea- 
tures of Jessop-Saville’s forging alloys 
which have been particularly designed 
for high temperature applications. 

Tick No 219 on reply card 

EFFI Bulletin. The first number has been 
published by the Electronic Forum for 
Industry and includes several articles on 
the industrial application of computers. 
Tick No 220 on reply card 

Wiring details, A new leaflet ‘the pro- 
ducts of Hellermann Ltd.’ describes this 
company’s products and tools for elec- 
trical and electronic installations. 

Tick No 221 on reply card 

Computer applications, Four data sheets 
have been issued by Solartron covering 
their digital data recorder, analogue 
tutor, diode function generator and X-ray 
spectrometer. 

Tick No 222 on reply card 
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TEDDINGTON BELLOWS 


and Nuclear Power 
HARWELL PAYS A TRIBUTE 


Harwell top research scientists have freely acknowledged * that recent improvements in the 
operational efficiency of Zeta owe much to the introduction of a corrugated stainless steel 
liner inside the aluminium ‘torus’. Having decided to use such a liner, they turned to 
Teddington engineers who, out of their experience in adapting their bellows expansion joints 
to various demands in a wide field of industry, produced exactly what was required for 
satisfactory running over long periods. 





* Ina paper read before the I.E.E. on 29/30 April 1959 by Mr. J. T. D. Mitchell of the U.K.A.E.A., Harwell 


In Zeta, experiments towards controlling fusion 
have resulted in gas temperatures of several 
million degrees centigrade being achieved for 
millisecond periods. View showing the torus. 


This stainless steel liner has improved opera- 
tional characteristics and requires less main- 
tainance than the original aluminium liner 
system. Here is part of the twelve welded 
sections of Teddington stainless steel bellows 
tube of wall thickness 0-017’; it has 24 con- 
volutions per inch of a depth of 0-75”. The 
bellows is 38 inch bore and the whole toroidal 
bellows assembly has an ,axial length of 37 
feet and an electrical resistance of 0-02 ohms. 





SEND FOR HANDBOOK 
R. 13 


Illustrated descriptions are 
given of the many and 
varied problems that 
Teddington Bellows Expan- 
sion Joints can overcome. 
If you did not secure your 
copy at the Engineering 
Exhibition, please write 
for one. 


Teddington Bellows are produced in technical collaboration with the Solar Aircraft Co., U.S.A. 


TEDDINGTON 


STAINLESS STEEL BELLOWS 


TEDDINGTON AIRCRAFT CONTROLS LTD. (/ndustrial Bellows division) 


Ammanford, Carms, Tel.: Ammanford 2255 
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NEW BOOKS 


on Atomic and Nuclear Physics 


(General, Advanced and 
Applied) Supplied from 
stock. Foreign books not 
in stock obtained to order. 
Catalogues on request. 


SECOND-HAND 
BOOKS 


A constantly changing large 
stock of Scientific and Tech- 
nical Literature on view, 
classified under subjects. 





LENDING LIBRARY 
Technical and Scientific 


Annual Subscription from 
£1.17.6. Bi-monthly list 
of New Books and New 
Editions sent post free to 
all subscribers on request. 
Prospectus post free on 
application. 





H. K. LEWIS & CO. LTD 
136 Gower St. W.C.1. EUS 4282 


























NUCLEAR POWER 
BOOK INQUIRY 
SERVICE 


If you would like to have de- 
tails of a particular book or to 
know whether one is published 
on a specific subject, fill in this 
coupon and send it to us. We 
will then forward it to the ap- 
propriate publisher or book- 
seller who will answer your 
query. 


Details please of books on the follow- 
ing subjects : 


CO Ree wee eee eee ee eH Heese sereeessesseees® 
TeReEC CCC SC ee eee eee eee ee ee eee ee eee eee 


send to NUCLEAR POWER, 3 PERCY 
STREET, LONDON, WI, ENGLAND 
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Book Reviews 





American processing 


Uranium Production Technology by C. D. 
Harrington and A. E. Ruehle 1959: Van 
Nostrand 579 pp Price 131s. 6d. 

This is one of the most comprehensive 
works published to date on the manufac- 
turing processes of uranium and its com- 
pounds, and it should appeal both to 
the person already working in this field 
and to the advanced student. 

It describes in the greatest detail the 
American methods for processing uranium 
for use in both cartridge manufacture 
and in uranium hexafluoride. There is 
an excellent chapter devoted to the pro- 
cessing of uranium compounds using ad- 
vanced methods such as ion exchange 
and fluidized solids techniques for the 
manufacture of both uranium tetrafluor- 
ide and uranium hexafluoride. Very little 
information appears to have been with- 
held and cost figures for some of the 
processes are included for completeness. 
This is most welcome to the reader who 
is interested in comparing the costs of 
American and British methods of manu- 
facture. The last chapter is devoted to 
health hazard control and the reader 
once again is fortunate is being provided 
with this information, which is not often 
included in this type of publication. 

For the industrial chemist it is a little 
disappointing not to have been given 
more information regarding the control 
engineering associated with the American 
processes and very few details of instru- 
mentation are given. This is rather sur- 
prising as the tendency these days is to- 
wards fully automatically controlled pro- 
cesses. Some of the chapters on the other 
hand can be criticized for giving too 
much detail, in particular the one des- 
cribing the now almost obsolete ether 
purification process. It is difficult at times 
to decide for whom parts of the chapters 
three to six have been written. The in- 
formation given is certainly too detailed 
for the student and at the same time is 
too mundane for the industrial chemist 
employed in the uranium industry; for 
example, an explanation of how uranium 
ore is tipped from the drums seems 
rather superfluous. Detail of this type 
would perhaps better have been included 
in a history of the development of the 
processing of uranium and the book as 
a consequence could have been made 
smaller and cheaper. 

These are small criticisms, however, 
in a work running into more than 500 


pages and the book as a whole should 
be received with enthusiasm by all those 
interested in the manufacturing processes 
of uranium and its compounds. 

E. Hawthorn 


Free electron physics 


Electron Physics by O. Klemperer, 1959 
London: Butterworths, and New York: 
Academic Press Inc 248 pp 32s 6d and 
$7.00 
In a manner ideally suited to under- 
graduate students this book deals with 
the physics of the free electron. The 
author, with his wide experience of re- 
search and of University teaching, has 
carefully chosen the order and form of 
presentation. The book is divided into 
two parts. After a short historical intro- 
duction, Part I deals with the more 
practical aspect of the subject, namely 
the motion of electrons in electric and 
magnetic fields, electron optics, the 
effects of high space-charge density and 
a survey of methods of detection. 
Although perhaps the topic is not im- 
mediately relevant, the reviewer would 
have wished to see included in the sec- 
tion on electron-focusing and velocity- 
selecting devices some discussion of the 
behaviour of ions, since the problems 
encountered in mass spectroscopy are 
virtually identical with some of those 
analysed. Part II is concerned with the 
more fundamental properties of the 
electron, and after a critical survey of 
the experimental work on the measure- 
ment of charge and charge to mass ratio, 
deals with the relativistic behaviour, 
the wave-like properties and the spin 
and magnetic moment of the electron. 
The graduate who is confronted with a 
problem in electronic engineering will 
probably find Part I more useful and, 
although no single topic is dealt with in 
a manner to satisfy the specialist, it will 
no doubt clarify his thoughts and pro- 
vide references for further study. For 
the student an appendix is included at 
the end of the book in which important 
relationships are derived, and at the end 
of each chapter are numerous problems, 
some of which are taken from London 
BSc Special Physics papers set over the 
past ten years. Adequate references also 
provide more detailed information on 
special topics. The book is well pro- 
duced, the printing and lay-out are of a 
high standard, and all diagrams are 
clearly labelled. 
K. J. Close 
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MUREX “MURAFLUX A” for submerged-arc welding 


*“Muraflux A” is the first of a new range of Murex 
granular fluxes for submerged-arc welding. It has 
been specially developed for the welding of mild steel 
by all machines using A.C. or D.C. for submerged-arc 
welding. 

The flux may be used with ordinary filler wires but is 
specially recommended for use with “Murawire W1” or 
“‘“Murawire W2” supplied by Murex. When used with these 
wires, “*Muraflux A’ produces welds of high radiographic 
standard suitable for Class | work, and the flux has 


A complete 


service 


been granted approval by Lloyd's Register of Shipping 
and is accepted by the Ministry of Transport. 

**Muraflux A” is suitable for either the single pass or multi- 
pass welding of various joints in mild steel as well as plug 
welds and the building up of worn mild steel parts. Good 
penetration can be obtained and unfused flux can be re- 
covered for further use. 

**Muraflux S.1° granular flux for the submerged-arc welding 
of stainless steel is also available with the appropriate 
Murex S.W.1 and S.W.2 filler wires. 


for automatic welding 


MUREX WELDING PROCESSES LTD. WALTHAM CROSS, HERTS. 


T.32 
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The Dowling Damper 




















IT LONG LAST... A Damper to meet with the conditions in Boilet 
A and Power Station Flues and yet require the minimum of 
maintenance. The well known difficulties of traditional arrangement 
are overcome with the Dowling Damper which provides an economical 
and reliable seal between flue sections of all sizes. It is designed and 
constructed to withstand varying conditions of temperature, gas 
pressure, acids and dust that are prevalent in Boiler and Power 
Station Flues. It can be hand operated or power driven and supplied 
with air-operated seals if required. 

Several large contracts have been successfully negotiated for new 
Electrical Power Station projects and other applications are being 
considered daily. Conversion of existing unsuccessful Damper 
Installations to Dowling-type Installations have also been undertaken 
with good results. 

Enquiries are invited for application in new Power Station projects, 
Boiler House installations and other applications in the Gas, Chemical, 
Cement and other industries where the control of hot gas and dust is 
required in ducting systems and chimneys. Write for fully descriptive 


leaflet to: 


B. Thornton Ltd., Turnbridge, Huddersfield Tel: 7541 
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Do you require 
HIGH PURITY 
Argon? 


For the removal of 

moisture, oxygen and nitrogen. 
For cleaning up the 
atmosphere in glove boxes. 
For welding or for any other 
application where the need 
arises to remove one or more 


of the above impurities. 





THE MARK IV SELF-CIRCULATING GAS PURIFIER 


Supplied in single or in tandem units for long process work. Fully instrumented. Fully automatic 


oa ae 


WESTERN DETAIL SO // MANUFACTURERS LTD 


WESTERN WORKS, // wl STAPLE HILL, BRISTOL. 


Telephone 65-6141/2/3 Telegrams: Aries, Bristol Cables: Aries, Bristol, England 
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{ typical 48” casting 
we made recently for a 1 
power station water system 


Watiiia PIPES and CASTINGS 





for Water Circulating Systems 


As well as our considerable production of Spun and 

Concrete Lined iron pipes for water circulation, our 
foundries have a large scale output of special castings 

like that illustrated. They have just produced one of 

84” diameter, along with thousands of Bends, Elbows, Tees 
and Tapers. Your enquiries for such work are welcomed. 


CLAY CROSS (IRON & FOUNDRIES) LTD., CLAY CROSS, CHESTERFIELD. 
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A VALVE VOLTMETER 
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nith these 
OUTSTANDING FEATURES 
EXTREME SENSITIVITY 


accurate measurements are possible 
down to 100uV. 


WIDE VOLTAGE RANGES 
ImV. to 300 Volts F.S.D. 


WIDE FREQUENCY RANGE 
15c/s to 4.5Mc/s 


METER SCALE CALIBRATED 
IN VOLTS AND dB 


CAN BE USED AS A NULL 
DETECTOR AND INDICATOR 
FROM 10c/s to 10Mc/s 


CAN BE USED AS AN 
AMPLIFIER FROM 
10c/s to 10Mc/s 


INCORPORATES ITS OWN 
H.T. STABILIZER 


SMALL COMPACT SIZE AND 
ROBUST CONSTRUCTION 


at this price... 


omy 
oD nett in U.K. 


(including very low capacity screened leads and 
probe) 


with this backing... 
























Size : 42” x 74” x 62” 


Weight : 7 Ib. 
Advance COMPONENTS LIMITED 


INSTRUMENTS DIVISION Ds 
a ROEBUCK ROAD + HAINAULT « ILFORD + ESSEX TELEPHONE ? HAINAULT 4444 









west 






« 
nous ‘Advance’ range of instruments 


Full technical details of the 
‘ Advac’ in Leaflet N 50 
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Coal and Coke Tanks 


Sugar Tankers 
Water Hoppers 


Cement Conveyors 


Food, etc. ; Silos, etc. 


The Fielden CAPACITANCE METHOD 
is the simplest answer 





The principle of capacitance control and indication of level for industrial | The range includes the 
purposes has been successfully used by Fielden Electronics Ltd. for the | famous 
past ten years. In that time it has produced a range of instruments used TEKTOR 
throughout the world to answer almost every level problem involving any Regd 
liquid or free-flowing solid regardless of conductivity, insulating value, | Level Controller 
density or corrosive properties. Installation is simple, there are no moving TELSTOR 
parts in the container and direct contact with the material is unnecessary. Regd 


Level Indicator 
Send for fully illustrated literature. 









INDICATING 
RECORDING 
CONTROL 


FIRST IN LEVEL 


FIELDEN ELECTRONICS LTD . WYTHENSHAWE . MANCHESTER Phone: Wythenshawe 3251 (4 lines) Grams: Humidity Manchester 
ALSO AUSTRALIA, ITALY AND CANADA. | Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH, DUBLIN 
TT2 
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TRIUMPHS OF SHELL RESEARCH 


§ heat exchange practice 


Before Shell produced Voluta Oil 45 it was 
thought that oils which were to be used for heat 
exchange purposes must have a high flashpoint 

to reduce fire risk, and a high viscosity—to 
prevent excessive leakage through pump glands 
and to provide adequate lubrication for pump 
bearings at high temperatures. Heat exchange 
systems containing these viscous oils, however, 
were sluggish, particularly when started up from 
cold. The oil circulated slowly over the source 
of heat and suffered thermal decomposition, or 
“cracking”. This, in turn, produced low flash- 
point materials and carbon which insulated the 
heating surface. 

Shell, therefore, began investigating the suit- 
ability of oils of lower viscosity and different 
chemical constitution. From this research was 
developed Shell Voluta 45. 

Shell Voluta 45 contains hydrocarbons with a 


The Research Story 


saturated ring structure which does not have the 
tendency that high viscosity straight chain paraffin 
hydrocarbons had—to break down at high tem- 
peratures. Because of its low viscosity Shell 
Voluta 45 heats up more quickly from cold and 
circulates more rapidly thus avoiding local over- 
heating and thermal decomposition. 

Shell Voluta Oil 45 has excellent heat transfer 
properties, good thermal stability and good 
lubricating properties. It is recommended for use 
in all closed heat transfer systems. 

The moral of the story is that Shell en 
is supremely applicational. The centre at 
Thornton is always ready to work with even the 
most specialised sectors of industry to produce 
the right oil for the job. If you and your 
organisation have any major lubricating 
problems, it pays to get in touch with your local 
supplier of Shell Industrial Lubricants. 


Laboratory research to compare the high temperature per- 
formance of various oils in a rig simulating practical conditions 
showed that when oils of varying viscosities were maintained 
at an average temperature of 325°C. for 200 hours, the closed 
flashpoint of the high viscosity oils had dropped to a lower 
figure than that of oils of lower viscosity, indicating that some 
thermal decomposition had taken place. 

Experimental oils were subjected to Heat Stability Tests and 
to tests designed to measure the variation in heat transfer a Dee: 
coefficient with time. The most promising of these oils was TEMPERATURE - “F 
then given extensive field trials, both in Shell Installations and = = 
in industry. From this extensive research was developed Physical properties of Shell Voluta Oil 45. 
Shell Voluta 45. K. Thermal Conductivitv—B.T.U./sq. ft. per 

hour per 1°F. per inch. 
S. Specific Heat—B.T.U. per lb. per 1°F. 


V. Viscositv—Kinematic centistokes. 


y HEAT TRANSFER OILS 


another proof of Shell leadership in lubrication 


K - THERMAL CONDUCTIVITY 
S - SPECIFIC HEAT 
V - VISCOSITY 
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Sheepbridge 
make.... 


Static Castings from a few 


ounces up to 2} TONS in all 
grades of stainless, heat resisting, 
and complex nickel base alloys 
for the most severe conditions 
of CORROSION and HEAT 
applications. 


Centrifugally 
CaSt ruses and RINGS in 


ALL grades of Steels and Irons and 
some special types of bronzes. 





Heat and Corrosion resisting Gastings 
to all standard or your own specifications 
by Centrifugal— Sand and Shell processes 


—_w @ uuuili @ Sy & 


YOU CAN BE SURE IF IT’S SHEEPBRIDGE 


Sheepbridge Alloy Castings Ltd. Sutton-in-Ashfield, Notts, England Telephone: Sutton-in-Ashfield 590 


(One of the Sheepbridge Engineering Group) Telegrams: ‘‘ Centrifugal’’ Sutton-in-Ashfield, Notts. 
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60 AMP 
TODAY... NA ie) a 


HENLEY SERIES 3-100 
, CONVERSION SET 
100 AMP 
TOMORROW 



































Henley Series 3 Service Fuses are the ideal 
solution to the present day problem of ever- 
increasing loads. 60 amp service fuses in- 
stalled today can be easily converted to 100 
amp when the load demands by the use of a 
Series 3-100 conversion set (comprising 100 
amp carrier, turret etc.) together with a 
suitable fuse-link. 

Full details are given in our Catalogue 43—may 
we send you a copy? 

















All enquiries to: 
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Associated Electrical Industries Limited 
CABLE DIVISION 


51-53 Hatton Garden + London E.C.1 + Phone: CHAncery 6822 
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Forged Steel Reinforcement Gas Duct Rings 


As machined prior to instal- 
lation 98” o/d. 68" i/d. 
overall width 24 (by 

courtesy of Whessoe Ltd.) 






As forged and heat treated 
101” o/d, 65” i/d, overall 











width 27” (by courtesy of 
Whessoe Ltd.) 


As machined prior to installation 
for 3’ 3” bore inlet duct and duct 
erection opening for heat ex- 
changers (by courtesy of Interna- 
tional Combustion Group) 


For Spherical and 


Cylindrical Vessels as supplied for the above 
NUGLEAR POWER PLANTS 


Material B.S.1503/151—1950, grade B, having excellent welding pro- 


perties. with Charpy V notch results of 25 ft. Ibs. average at 10°C. 





; The Darlington Forge Ltd 
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DARLINGTON 











DYNATROWN 


PULSE AMPLIFIER 
typel430A 


This wide band linear amplifier comprises three 
units, designed for use with fast ionisation chambers, proportional 


SPECIFICATION: and scintillation counters. 


Main Amplifier 


Input: 100 ohms impedance Negative polarity. ° ° on. e080 
cen < Gidea. : Stand 24 Physical Society Exhibition 
Coarse Control : —0 to 20db. OLD HORTICULTURAL HALL WESTMINSTER S.W.1. 
Fine Control : —0 to 20dB in steps of 2dB each. 18th to 22nd January 1960 
Integrating Time Constants : 0.08us to 8us in 7 steps. ' 
Differentiating Time Constants : ee ee ee eS eee a oe 
0.08:s to 8us in 7 steps plus 250us step. 
Output : Positive 50V. for 1% linearity. Saturation 75V. 

_ § 1.25dB to 1.4 Mc/s. Write for full details of this and other Dynatron instruments to 
Upper Frequency Response : , 3.25dB to 2.8 Mc/s. DYNATRON NUCLEONIC AND ELECTRONIC DIVISION 
H.F. Head Amplifier. DYNATRON RADIO LIMITED - MAIDENHEAD - BERKS 


Input : 10 megohms. 10pf. 

Output : Designed to feed into 100 ohm matched cable. 
Gain : 31.5dB. 

Filter : E.H.T. Filter suitable for voltages up to 3kV. 
Cathode Follower 

Input : 10 megohms, 10 pf. 

Output : Designed to feed into 100 ohm matched cable. 
Insertion Loss : 23dB. 

Filter : As in H.F. Head Amplifier. 


DYNATRON 


SCALERS - PULSE ANALYSERS + POWERUNITS 
PROBE UNITS . PULSE AMPLIFIERS’ - INSTRUMENT RACKS 
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This press has been supplied to the Whessoe Company of Darlington for 
the shaping of the heavy steel plates required for the shells of the 
large reactor pressure vessels of nuclear power installations. 


‘FIELDING’ 4,500 tons, multi-ram, 
upstroking plate press, designed 
to carry out the shaping of heavy 
steel plates. The press will accept 
the largest plates that are being 


° manufactured by the British Steel 
Cy Industry today ; with a substantial 
, margin for future development. 

bd The pit in which the press is housed 


is 31ft. in depth and the weight 
supported by the foundation is 780 
tons. Hydraulic power for press 
operation is supplied from high and 
low pressure ‘FIELDING’ 
accumulator systems, the high 
pressure circuit being powered by 
‘FIELDING ’ H.3. type three 
throw pumps. 


4,500 tons Multi-ram 
Upstroking Plate Press 


FIELDING & PLATT LIMITED 


ENGINEERS - GLOUCESTER - ENGLAND 
Member of the Heenan Group 
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Lead shielding of a complicated nature is being 
successfully produced to Harwell design by 
R. E. Roberts & Son Limited, Bolton, 
for the U.K.A.E.A., Risley, and for private companies engaged 


in the development of nuclear power. 


nell 


: vy ANS $7 4 
K/ gm : 
Sah? AS 


R. E. ROBERTS & SON LTD, WINDLEY STREET, mL iy MEMBER OF THE FIRTH CLEVELAND wT 


CRC 7R 
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Month-by-month, the record grows: 

A total of 19 major atomic reactor projects around the world is the record established tl.us 
far by American Machine & Foundry Company. But as the wor d’s 
leading designer, developer and manufacturer of research and trz in. 
ing reactors, AMF is constantly engaged in many other phases of 
atomic energy: 

AMF has designed, developed and built refueling equipment fo 
sodium-cooled atomic power plants for submarines. 

* AMF, under a continuing development program, designs cont-ol 
maintenance and fuel handling equipment for the Enrico Fermi Fast Y: 
Breeder Reactor. ‘ 

& AMF continues to lead in the development of reactor control--od | 
drives, remote handling equipment and other specialized  nuci-ar ; 
components. m 

oa AMF designs, develops and fabricates fuel elements for variou A 
type reactors. be 

For a complete reactor facility . . . for specialized control and handling ct 
equipment...for authoritative assistance at any stage of your atomic energy D 
program ... AMF IS THE COMPANY WITH THE EXPERIENCE in 
AND THE UNMATCHED RECORD OF ACCOMPLISHMENT! 


oO 
These a 
> g 





= 














*Now in operation 
AUSTRIA—Austrian Study Group of Atomic Energy, Vienna PORTUGAL — Portuguese Atomic Energy Commission, Lisbon 
CANADA—McMaster University, Hamilton, Ontario* PUERTO RICO —U.S. Atomic Energy Commission, University of Puerto 


: _ : . mn Rico, Mayaguez 
Genmany—Technical University of Munich, Munich UNITED STATES —Battelle Memorial Institute, Columbus, Ohio* 


GREECE—Greek Atomic Energy Commission, Aghia Paraskevi Industrial Reactor Laboratories, Inc., Plainsboro, 
IRAN—University of Teheran, Teheran New Jersey* ’ 

. ' a Union Carbide Nuclear Company, Sterling Forest, 
tSRAEL—Israeli Atomic Energy Commission, Rehovoth New York 
ITALY—Societa Ricerche Impianti Nucleari, Milan University of Buffalo, Buffalo, New York 


University of California at Los Angeles, Los Angeles 
University of Florida, Gainesville, Florida 
NETHERLANDS—/[nternational Exhibition, Het Atoom, Amsterdam* University of Washington, Seattle, Washington 


JAPAN—Japanese Atomic Energy Research Institute, Tokai-Mura 


AMF Building - 261 Madison Avenue - New York 16, N. Y., U.S.A. 
Manufacturing subsidiaries and sales offices: LONDON » GENEVA « BOLOGNA + SAO PAULO » TOKYO 


a American Macrine & Founory COMPANY 
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TRIGA — the General Dynamics in- 
herently safe multi-purpose reactor for train- 
ing, research, and isotope production — has 
been selected by the United States Govern- 
ment as an operating feature of the World 
Agriculture Fair in New Delhi, India, Decem- 
ber 11, 1959 to February 14, 1960. Con- 
ceived and developed by General Atomic 
Division of General Dynamics specifically for 
use by universities, medical centers, and 
other research institutions, TRIGA has 
gained worldwide acceptance. Because of 
their versatility, simplicity, economy, and in- 
herent safety, TRIGA reactors are now in use 
or soon will be in operation on five of the six 
eontinents of the world. 


TRIGAEAiomes 


INDIA 
* * 





*& TRIGA Atomic Reactors 
Around the World: 


EUROPE: 

National Committee for Nuclear Research * Rome, Italy 
Federal Ministry of Education Atominstitut * Vienna, Austria 
International Conference on Peacefu! 

Uses of Atomic Energy 1958 ¢ Geneva, Switzerland 

(on loan to U.S. Government) 

ASIA: 

Musashi College of Technology * Tokyo, Japan 
National Atomic Research Institute * Seoul, Korea 
Institute of Nuclear Research « Dalat, Viet Nam 
Rikkyo University * Tokyo, Japan 

World Agriculture Fair * New Delhi, India 

(on loan to U.S. Government) 

NORTH AMERICA: 

U.S. Veterans Administration Hospital * Omaha, Nebraska 
Cornell University * Ithaca, New York 

University of Illinois * Champaign-Urbana, Illinois 
University of Arizona * Tucson, Arizona 

Kansas State University © Manhattan, Kansas 

General Atomic Division * San Diego, California 
AFRICA: 

University of Lovanium ¢ Leopoldville, Belgian Congo 
SOUTH AMERICA: 

University of Minas Gerais * Belo Horizonte, Brazil 


GENERAL ATOMIC 
ovsonor GENERAL DYNAMICS 


HTGR gas-cooled reactors for central station power — Maritime gas-cooled reactors — TRIGA reactors — Controlled thermonuclear research — Nuclear 
power for space vehicles — Basic research in the sciences. Rapid expansion has created openings, including senior positions. Write Box 608, San Diego 12, Calif. 
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MINIATURE 
MICRO 
SWITCHES 
AND 


PLEASE 
ASK FOR 
MORE DETAILS 


There are many other Miniature Micro 


BURGESS 
PRODUCTS 
COMPANY LTD 


MICRO SWITCH DIVISION 
Dukes Way, Team Valley, Gateshead 11 
Telephone. Low Fell 75322 (3 lines) Telex: 53-229 
London Office: 127 Victoria Street, S.W.1 

Telephone’ TATE Gallery 0251 (3 lines) 









Switches and Actuators besides the few 
illustrated here. All have the famous 
BURGESS long-life mechanism. 


152 Tick No 97 on reply card for further details NUCLEAR POWER January 1960 















































Aromic Power Constructions Lro. 


28 THEOBALDS ROAD - LONDON -: W.C.1. 
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AT HOME AND ABROAD—ON LAND AND SEA 


Simon-Carves, in association with The General Electric Company of England, 
are building the first commercial nuclear power station in Scotland and the first in Japan 
—the latter the first in the world to be designed to withstand earthquakes. 
They are also developing nuclear power plant for marine propulsion. 
The combined experience and resources of these two great companies 
in research, construction and contracting are playing a leading part in keeping 
British nuclear engineering in the forefront of the world. 


Simon-Carves Ltd 


NUCLEAR POWER DIVISION | Cheadle Heath Stockport 





IN ASSOCIATION WITH THE GENERAL ELECTRIC CO LTD OF ENGLAND 
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eproduction of Dutch Print, (Circa 1695) 
lustrating the craft of the Cabinet-maker. 
Copyright, Radio Times — Hulton Picture : ‘ 
ibrary). 
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— 
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Not only mild steel for everyday use but also the 
special steels demanded by the Nuclear Age. . . for 
example we produced the special steel plates for the 
reactor vessels at Calder Hall, Chapelcross and 
Bradwell, and we are now supplying plates for the 
nuclear power station reactor at Latina, Italy. 


i An interesting booklet ‘Steels for the Job’, just 


published by us, describes some of our newer products. 







ae, We shall be delighted to send you a copy. 


~ 
xen. « 


Our Technical and Research Department will also welcome 
enquiries from any whose problem is... STEEL 


YOU SHOULD HAVE 
THIS BOOK. 






CONSETT IRON COMPANY LIMITED, CONSETT, COUNTY DURHAM 


Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 
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But uty camit they use muy magnet 7” 


“Well, you see Johnny, it’s 
because your sort of magnet can’t 
be switched ‘on and off’ !”’ 









* Huh ! 1 wouldn't like mine to do that !”’ 


‘I know, but then you don’t 
use yours to control water or gas 
and things.” 


“Control water or gas ? 
Seems stupid to me — why can't 
they use a tap like Mum does ?” 


“Ah! But using a tap 
means that you rely on 
what's called the “human 
element’. That's why 
these valves are fitted to 
do things automatically 
without people being involved.” 





“Mr. Stevens told me they make 




















chocolates with them!’ S 
“That's right, but not exactly to make chocolates, 
to help make them. Mushrooms, too!” MAGNETIC VALVES ARE USED EXTENSIVELY IP 
“Cor! 1 like mushrooms.’ (Throwing away magnet) ER CONSENS LAUNDRY PLANT 
“Can I have some for tea ?” AUTOMATIC STOKERS MACHINE TOOLS 
BOILERS NUCLEAR POWER PLANT 
i CENTRAL HEATING OIL BURNERS 
ad . . . , 
“IN Seriously though, Magnetic Valves have earned an | CRUCIBLE BAKING OVENS | REFRIGERATION 
entain reputation for absolutely reliable control of water, steam, 4% DYEING STERILISING PLANT 
coal-gas, oil, air, refrigerants and many other industrial liquids GAS GENERATING PLANT STEAM TURBINES 
and gases. (Without using glands, stuffing boxes or driving HYDRAULIC & PNEUMATIC- TIINNING BATHS 
shafts, either !) Full details are in our new Brochure No. 63 CYLINDER MECHANISMS VACUUM PUMPS 
Why not write NOW for your copy ? HOT WATER SERVICES VENTILATION 
Magnet Magnetic Single-Beat Stop Valve Magnetic ‘PR’ Type 
Safety Cut-Out b > Sa th Flameprooj Solenoid Enclosure High Pressure Stop Valve 
M V ( The Magnetic Valve Company Ltd 
7 KENDALL PLACE « BAKER STREET * LONDON W.1. Telephone: HUNter 1814 
MvI 
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precision in pressure measurement 


NOW AVAILABLE— 


GENERAL-PURPOSE PRESSURE TRANSDUCER —TYPE NT. 4-3i3 


FLUSH DIAPHRAGM 

STAINLESS STEEL CASE 

MINI ATURIZED—5/8’ DIAMETER 
LINEARITY & HYSTERESIS 0.75% 
INSENSITIVE TO ENVIRONMENT 
INDIVIDUALLY CALIBRATED 


Write now for details of this new 
range of Solartron Transducers 


"é Pita ~ 

| ep \ 
a Re) ' ay / 

QLART RON 

\ 7 Pe 1 

See baal * 


THE SOLARTRON ELECTRONIC GROUP LTD., 
Transducer Division, Thames Ditton, Surrey 

fel: EMBerbrook 5522 Cables: SOLARTRON, Thames Ditton 
International Telex: 23842 Solartron T.Dit. 
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BRIEF SPECIFICATION 


OUTPUT: Nominal 20 mV at 5V, DC 
or AC r.m.s. (0-20 Ke/s) 
excitation. 

STANDARD 0-100 p.s.i. to 0-5,000 p.s.i. 


PRESSURE RANGES: gauge or absolute. 

Lower and higher ranges 

available on special order. 

Temperature compensated 

—65°F. (—55°C.) to + 

250°F. (+110°C.) 

ZERO SHIFT: Not greater than 0.01% 

full output per °F. 

Less than 0.75% full output 

up to 2,500 p.s.i.g. 1.0% 

full output above 2,500 

p.s.i.g. 

DIMENSIONS: §” (15 mm) nominal dia- 
meter, 1” (26 mm) nominal 
length. 


COMPENSATED 
RANGE: 


LINEARITY & 
HYSTERESIS: 


Manufactured under exclusive licence from C.E.C., CALIF., U.S.A. 
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ATCHING UNNECESSARY 


with this high stability GM tube 


The Mullard MX124/01 is a halogen quenched 
Geiger Muller tube designed for liquid sampling. 
Its closely controlled operating characteristics 
and high stability means that the problems 

of matching are eliminated—an advantage that 


will be readily appreciated by those using G.M. Tubes 


for the absolute assay of radioactive solutions 
and the measurement of standard sources. 
Write now for details of this tube and others 
in the Mullard range. 





Mullard eave 





MULLARD LIMITED, X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY. Telephone: wha he 
S13 
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Reliable Honeywell 
instruments stand guard 
against waste and 

danger ... in the central 
control room at Dounreay 
and in the 

containment sphere 
where the reactor 

itself is housed. 





Honeywell is Instrumental 





Honeywell 
Fi) Fat we Coste! 


HONEYWELL | 


WRITE OR SEND THE COUPON TODAY for more information to 
Honeywell Controls Ltd, Ruislip Road East, Greenford, 


Middlesex. Telephone: Waxlow 2333 
ee, ee ee re 
Please send items ticked N.E 

Brochure S.A.D.1. reviewing the entire range 

of Honeywell industrial instrumentation oO 
Specification Sheet 164 

(Strip Chart Recorders) oO 
Specification Sheet 160 

(Circular Chart Recorders) Dp 


NAME a 
APPOINTMENT ___ sana ces sssSasuasSSsSsssstSRsssSssesechents — - 


ADDRESS a so -atnanugaesnoaneus=stsngsaPsSSSSA=LtShsstssScsSsScsSsStssiSesseuiess==SSSSiSSSS 





Branches in the principal cities of the U.K. and through- 
! out the world. 
= 
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A massive investment of supreme national importance, 
the reactor station at Dounreay is monitored by 
Honeywell instruments in three vital ways: 


Keeping the reactor safe ElectroniK Recorders monitor 

reactor variables — critical temperatures. ..neutron flux... 
thermal power. Honeywell Micro Switches close emergency 
shut-down circuits at danger point. 


Keeping it cool Pressure and Flow Meters control 

sea water cooling. ..relate seabound heat flow to turbine 
demands... prevent water returning to the steam heater 
at too higha temperature. 


Keeping it efficient ElectroniK Recorders receive signals 
from ion chambers within the breeder blanket... 
depict events at the reactor core... enable the nuclear 
reaction rate to be adiusted to current demands. 
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TAYLOR 


stainless stee/ 


bar sawing 


makes 
life easier ! 















a * Immediate capacity. TAYLORS ALSO 
- Latest and finest sawing machinery. PROVIDE SERVICE IN 
Accurate, true cutting. Plate profile cutting any 
Any size up to 14” diameter or square. shape, size or thickness 
sin silicide Swift service, reliable delivery. vp ett from 4” to 
aoe Rae conga Large stocks of bars always available at Sheet polishing 10—24 
be pleased to call and MILL prices. 


swg. up toa 10’ x 4’ 


discuss your needs 


Your own bar can be cut. Tube polishing from 4” to 
Regular Mill Prices—special prices for 2;” diameter 
large quantities. Ask for your copy of the 


A.1.D./A.R.B. bers aha STEEL 
T L STAINLESS METALS LTD. “12227 | nena, 
entrar a ws ie pala Slough 2395 | Manchester Sales Office: Jacey House, 16 Oxford Street, Manchester 2. Tel: Saad 0594 


Midland Sales Office: 63 Temple Row, Birmingham 2. Tel: Midland 1430/4610 
BRITAIN’S PRINCIPAL STAINLESS STEEL STOCKHOLDERS 





the embodiment 
of this scientific age 










Forward-looking engineers are embodying Heli-Coil Screw Thread Inserts in their 
designs because competition demands that they use only today’s most advanced 
and successful techniques. 


The Heli-Coil method of screw thread engineering can improve products in 
almost an infinity of ways. It can make dramatic cuts in time and labour costs. 
The Heli-Coil Insert is ideal for automation. Why not have all the information 
in front of you—ask for Sales Leaflet APL 48/E ° 13 


ik 


Li; 











Xe 


WW) 


Your newest 


TT 


ih 
| 


design... 18 il 


" 
AVA 


bhp 


guite up to date ? 


( 
\ ( 


f 


= *HELI-COIL is a registered trade mark 


ne amend 
Write for more dataon HELI-COIL insertsto ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKS. 


Tel: Beverley 82212 (6 lines) 
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Variable 
high power 
Amplifiers 


THE SAVAGE 10 KW AMPLIFIER 
is designed to meet the high power 
drive requirements of large vibrators. 
It has an output of 10 KW (continuous 
sine wave rating) over the frequency 
band 40 c/s. to 10 Kc/s. The output 
has eight secondary sections of 41% V. 
each which may be cross connected 
to give a range of output voltages 
from 41% V. to 330 V. Accessibility of 
components and ease of installation 
are features of this very compact 

10 KW amplifier. 









Type 10 
Savage 10 KW 
power Amplifier 











SAVAGE AMPLIFIERS 

are suitable for driving 60 cycle 
American equipment; 400-2500 cycles for 
aircraft equipment; ultrasonic power 


supplies for cl 





ing, drilling etc. 


W. BRYAN SAVAGE LTD 


designers and manufacturers of amplifiers and vibrators for modern industry 


17 Stratton Street, London, W.1 Telephone: GROsvenor 1926 


DaS!I60NP 
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WEA RSH ALI 


PULSE HEIGHT 


ANALYSER 
TYPE H.S.100 


* Torsional delay line 
data storage with 
computer reliability 


* Resolution constant 
or proportional to 
amplitude 


* Background subtrac- 
tion 


* Analysis of pulses of 
either sign from | 
mV to 50 V 


* Binary and decimal 
storage 





* Both digital and an- 
alogue display 
* Storage capacity 2400 

digits * Analogue readout and 
; automatic printout 
* a using either adding 
machine or electric 

typewriter 


stability and 


* Built-in precision test 
pulse generator 


* Total count scaler and accurate live time integrator 
both of which are available for use as separate units 


MARSH ALI, 
TWIN-CHANNEL PULSE 
GENERATOR MODEL T-P-G: 100 


Designed as a universal instrument for the development and general 
testing of electronic equipment. Extreme flexibility in use is achieved 
by virtue of the complete independence of the two channels apart 
from a common repetition frequency. The output pulses are fast- 
rising, of clean waveform, and at low impedance level. 

In addition to the facilities normally offered in a pulse generator, 
precise measurements of the resolution time of coincidence circuits, 
triggering characteristics of discriminators, and the overload per- 
formance of pulse amplifiers are readily made. 

A pre-pulse is provided for the purpose of triggering auxiliary 
apparatus 

The “A” and “‘B” channel output pulses are independently variable 
in amplitude, duration, risetime, delay relative to the pre-pulse and 
polarity. 

Pulses from the two channels may be additively mixed if desired 
so that they appear at a single terminal. 


FOR COMPLETE DATA WRITE TO: 
MARSHALL OF GAMBRIDGE 
ELECTRONICS LIMITED 


THE AERODROME, CAMBRIDGE, ENGLAND 
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40 VOLTS/SEC ===: 


AUTOMATIC CORRECTION 


—with the type 
TCVR voltage regulator 


The TCVR is a servomechanical automatic voltage 
regulator having the very high speed of correction of 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
close limits (normally +0.5°%.) from no-load to full- 












Type TCVR-7000. 
Rack-mounting 
version, 


load, for wide variations in frequency and power factor. 


A wide range of models from 1.6 to 12 kVA single- 


phase, and 4.8 to 36 kVA three-phase. is available, Other products of Claude Lyons Ltd. Stabiliser Division 

to standard or tropical specification, in cabinets or for 

rack-mounting. Models are also available in which BMVR: Motor-driven laboratory and industrial regulators ranging from 1-6 to 29 kVA 
2 single-phase, and 4-8 to 87 kVA three-phase. Constancy of output normally 0-5%, 

the output voltage is continuously adjustable over a from no-load to full-load. No distortion. Speed of correction 1 Volt/Sec. A great 

wide range by means of a panel control. Regulators variety of models, standard, tropical and militarised, for all applications. 

can be supplied to Services’ specification, and special BAYVR: Electronic stabilisers of very high accuracy, and very rapid response, with no 

models can be designed to order. moving parts. Input range 10°, to 5°,, Output constancy 0.15° hree sizes 


P en 200, 500 & 1000 VA. Exceptionally useful for control of chemical processes, heating, 
For high-speed, accurate stabilisation without lighting, etc. 


distortion—specify TCVR. 





ASR: Automatic step regulators, small, inexpensive, and with sinusoidal output waveform. 
Two sizes : 11S KVA and 2:3 kVA. Input range - 10°, to 5°,; output constancy, + 24°, 
ATC: Automatic Tap-Changing Transformers a development of ASR Two sizes 
575 VA and 1150 VA. Input range - 20°, to 10°, : output constancy, 5°. Provide 
adequate stabilisation for many types of apparatus, at low cost. Also useful as pre- 
regulators, e.g. in conjunction with BAVR. 


Claude Lyons Ltd. 








We shall be pleased to send you full details of our entire range. 





Stabiliser Division VALLEY WORKS - HODDESDON: HERTS: TELEPHONE HODdesdon 4541-4 


PROBLEM SOLUTION 


Process demands quick Installation of N.G.N. CU. 100 =: fa 
regular access to a high Combined High Vacuum , 
vacuum chamber Pump Unit 
















— 
—— 


7~ nso 
3 


Simple, single-lever control (giving Rough 
Pumping, Fine Pumping, Isolation or Air 
Admittance at will) results from the inter- 
locked combination of Mechanical, and 
Electromagnetic Valve Systems. Lengthy 
operation without supervision; automatic 
re-starting when power supply is resumed 
after failure, together with immediate and 





Rotary pumps, diffusion pumps, valves, 
combined units—these are but a few from 


the very full range of equipment now being automatic isolation of the 
produced for the High Vacuum industry High Vacuum Chamber 
by N.G.N.....our technical services are during periods when 
being increasingly used to assist and advise power is cut (voluntarily 
on problems of High Vacuum. Why not os inadvertentiy), ane epec- 
make use of them —NOW. ial features of the CU. roo. 


N.G.N. FOR HIGH VACUUM 


High Vacuum Specialists and Electrical Engineers 


; N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 


Telephone: Accrington 5611-2 
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THE 


ELE()NTS 


of efficient angular drives 


A.R.B. approved 
@ 92-98°%, efficient—N.P.L. certified 


@ Used by leading engineering companies 
in every industry 


Why not ack @ For shaft diameters }” to 18” 


@ Dirt-excluding covers can be supplied 


NECKAR gir? 


Yes, let experts tackle 


the ‘pure water’ problem. 


lon exchange is the most 
up-to-date method of 
producing pure water 
for all requirements, and 
it does this at a fraction 
of the cost of distillation. 





A.M. Gauge-Test 
House Authority 
No. 89755/3! 


UNIVERSAL BALL JOINTS 


Sturdy, reliable, compact couplings of 
simple design, manufactured from high-grade 
materials, and available with single or double 


joints in nine standard sizes. 


MOLLART ENGINEERING COMPANY LIMITED 
KINGSTON-BY-PASS - SURBITON ~- SURREY 
NECKAR WATER SOFTENER COMPANY LTD. | Telephone : Elmbridge 0033-7 Telegrams : Precision Surbiton 


ARTILLERY HOUSE, ARTILLERY ROW, LONDON, S.W.1 | 
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That’s how it is just now—but, in the 
end, the thrush has the greater pull 
and if it were possible to connect 
their efforts to a P & G differential 
pressure gauge, the difference would 
be evident at once. 

ORE 
This P & G pressure gauge finds many 
applications in industry for measuring 
pressure differentials and is 
representative of the many P & G 


gauges and industrial instruments for 


7 \ ; ‘ 
SV : special applications. 


We shall be pleased to advise on 





your particular requirements. 





TUDOR WORKS © WINDMILL LANE 
SMETHWICK e BIRMINGHAM 


SM /PG4470 




















Ruggedly built, but still 
mobile, the Muller Macrotank H 
is specially developed for 





Prd on-site radiographic examination 
' in heavy industry, ship and 
bridge building, nuclear power 
and refinery construction — 
wherever complete and accurate 
weld examination is essential. 
The small focus (2.3 mm.) of 
the Macrotank H gives really 
sharp definition, with a 


for 


penetration of up to 2}” of steel 
* with Pb screens in reasonable 
industry exposure time. It is low in cost, 
reliable in use, and backed by 
full service facilities which may 
be on contract if desired. We 
shall be glad to send you 

full details. 

The Macrotank H is a product 


5) aa eT of C. H. F. Muller, Hamburg. 


Sole Distributors in U.K. 


RESEARCH AND CONTROL INSTRUMENTS LIMITED 


Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 2877 





(RCLO416A) 
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Shocks and vibration give rise to high You may not wish to separate the sheep 
stresses in pipework, with possible from the goats, but you will at some 
subsequent damage to piping and ys E : 
associated equipment. Pipework on time need really efficient filtration 
board ship subjected to vibration or a 5 fs te 
in land installations exposed to high plant. This surely is a job for Aerox, 
winds, is particularly prone to these whose comprehensive range includes 
hazards. z L 
Vokes Genspring Non-Resonant filters for working pressures of up to 
Sway Braces supply an efficient form 7,000 p.s.i. Aerox Filters are effective 
of control on all such pipework. 
These Sway Braces have many because they incorporate elements 
unique features including an incor- de fi : P dia of 
porated energy-absorbing device, made Irom porus ceramic media 0 
adjustability of initial restoring force, our own manufacture, in a range 
laminated cushioning material to : 
reduce operational noise, and travel of carefully controlled pore sizes. 
stops to prevent compression of ‘ : , ae ine 
springs to solid height. The eight Incidentally, the illustration reminds us 


different spring sizes cover loads 
from 39 Ib. to 1,500 lb., with maxi- fi : . : 
mum restraining force varying from ceramic material to withstand high 
100-2,250 lb. due to spring action. 


that there are grades of Aerox porous 





degrees of thermal and physical shock. 
Please write for descriptive booklet. 


Bethea wage + <= 
<¢ —— —_ |p No 
pax sa NS « — A 
t wa rm 

nw 


Bo soo Ss sag owed 


All the technical literature you need 


is available. Please write 


Non-Resonant Sway Braces 


Sketches of suggested methods of application 
— ‘. Leaders in a Specialised Field 
fe 33 Of ate & | 


4é SY 4 AEROX LIMITED 


Ceramic Works, Hillington, Glasgow, S.W.2 


Vokes Genspring SUSPENSION SYSTEMS Telephone : Halfway 4615/6 


VOKES GENSPRING LTD - HENLEY PARK + GUILDFORD - SURREY Engineering Works, Chalford, Stroud, Gloucestershire 


Telephone: Guildford 62861. _ Telegrams: Vokesacess, Guildford. Telephone : Briscombe 3085 
Telex: 13-535, Vokesacess, Guildford. | 


A member of the VOKES GROUP with world-wide representation G4l 
Vv 
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Coreonereceroa ft 


the name you should remember for 


* 
Precision 


* 


Many of Britain’s most exacting manufacturers Cornercroit Lid 


rely on Cornercroft precision—for special com- 
ponents, jigs, tools, assembly fixtures, experi- 
mental and prototype equipment. When your . 
needs demand this high standard and the ser- THE CORNERCROFT GROUP OF COMPANIES 
vices of a very complete engineering organisa- 
tion, you would be wise to entrust your work 
to Cornercroft 


Head Office and Works :— 

Ace Works, Coventry 
Telephone : Coventry 4056] 
We also make sheet metal structures and Subsidiaries : Cornercroft ( Plastics ) Ltd. 
assemblies, metal spinnings, pressings, plastic Metal Spinning Co. Ltd. 
moulds and mouldings ete James Beresford & Son Ltd. 


A Complete Scintillation Service 


phosphors and counter 


PLASTIC AND LIQUID PHOSPHORS 


PLASTIC PHOSPHOR NE 102, light output 65 anthracene, available 

in all sizes and shapes up to one ton, in thin sheet form, in fine tubes 

for the construction of scintillation flow counters, or as filaments for 

the construction of scintillation nuclear track chambers 

BORON POLYESTER PLASTIC PHOSPHOR NE 400 and NE 401 

(88°, B®) for neutron detection. Standard sizes from 0-5 to 5-0 inches 

diameter 

SCINTILLATION CHEMICALS of highest purity P.B.D., POPOP 

r.P.B., p-terpheny!l, PPO, D.P.H., alpha-N.P.O., D.M.C., B.B.O., 

B.P.O., D.P.A., D.P.S., vinyltoluene, styrene, xylene, toluene, methyl 

borate, phenylcyclohexane, monoisopropylbipheny! 

SCINTILLATION CRYSTALS by Harshaw. Exclusive concessionaire in 

Great Britain for Nal(Tl), Csi(Tl), Lil(Eu), and Li®i(Eu). Nal(T1) 

available in sizes up to 9” diameter 9” thick, and down to 0-015” 

thick with 0-005" Be windows for X-ray counting and spectrometry. 

Resolution with standard sizes 7-8% on Cs"? line. CsI(T1) down to 

0-005” thick for alpha and proton studies. Li®I(Eu) in special low 

temperature mounts for fast neutron spectrometry. PRECISION NUCLEAR INSTRUMENTS 
NEW! Photomultiplier—Nal(T1) combinations with direct coupling of 

crystal to photomultiplier and giving improved resolution, Non-overloading Linear Pulse Amplifier NE 
LIGHT PIPES. @ SPIRAL FLOW CELL NE 801. 5202 of the Fairstein type. 
SCINTILLATING GELS. @ LOADED LIQUID SCINTILLATORS. Sre-Ammeeenet and Cathode Follower 
NE 5202A. 

Single Channel Pulse Height Selectors 
NE 5102 and NE 5103. 

Shielded Scintillation Head Units NE 
5501-3. 

Highly Stabilised EHT Supplies NE 5302 
(1-5 kV) and NE 5303 (5 kV). 

Complete assembly for C14 and tritium 
counting NE 8301. 

Complete Human Body Monitors and low- 
level counting facilities. 

Ratemeter NE 5401 with six ranges and 
five time constants. 


Write for Bulletins and Price List. 


Nuclear Enterprises (G.B.) Ltd 


BANKHEAD MEDWAY, SIGHTHILL, EDINBURGH, II 
SCOTLAND — Tel: CRA 5262 8601. 


Associate Company: Nuclear Enterprises Ltd., 1750, Pembina Highway, C.D.C, 100 Channel Transistorized Kick- 
Winnipeg, Canada sorter. Gdh) | 40By 


Scanning scintillation spectrometer NE 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
[I est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
le sea produits. Dans le cas ob 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
lerniére @ NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es iat oft schwierig fur Inserenten 
ille technischen Einzelheiten 
thre Produkte in einem 
begrenzten Platz zu bringen. 
Sollten Sie noch weitere Aus- 
kilnfte witnschen, streichen Ste 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
ind senden Sie sie an NUCLEAR 
POWER. 


tber 


SERVIZIO D’ INFORMAZIONI 
PER | NOSTRI LETTORI 

KE’ talvolta difficile all’inser- 
ziontsta di 
spazto ristretto tutti + particolars 
dei suot prodotti, Qualora de- 
sideraste pit ampte 
informazions a questo riguardo, 
favorite segnare tl numero 


indicare in uno 


ricevere 


appropriato sul cartellino qus 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
espacio limitado todos los detalles 
técnicos sobre sus productos, St 
desea ulterior informactén, 
marque los ntimeros apropiados 
en la tarjeta opuesta y mandela a 
NUCLEAR POWER. 
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cmopoxe u omnpaéeome * 
NUCLEAR POWER. 
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4 READER INFORMATION SERVICE |N” 


23208 


If you would like further information about any adver- 
tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 


NAME 





NAME OF BUSINESS 





ADDRESS 








POSITION HELD 





NATURE OF BUSINESS 








Ne 23208 


READER INFORMATION SERVICE 
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Literature 


SUBSRCIPTION CARD 


If you would like further information about any adver- 
tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 


NAME 





NAME OF BUSINESS 





ADDRESS 








POSITION HELD 





NATURE OF BUSINESS 








Ne 23208 


| want my own PERSONAL copy ! 


Please send me NUCLEAR POWER for 12 months/until countermanded: 


U.K. £2. 2s. Od. 


U.S.A. and Canada $8.00 + 50c. postage 


Other countries £3. 3s. Od. 


starting with the 


NAME 


SEND TO MY HOME/BUSINESS ADDRESS _ 


(CD Subscription enclosed 


(C0 Invoice me later 














No Postage 
Postage stamp 
will be necessary 
paid by if posted in 

Nuclear Power Great Britain 

or Northern 
lreland 
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Rowse Muir Publications Ltd, 
3 Percy Street, 

London, W1 

England 


No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 


Postage 

will be 

paid by 
Nuclear Power 

















Business Reply Folder Licence WD 1823 





Nuclear Power, 

Rowse Muir Publications Ltd, 
3 Percy Street, 

London, W1 

England 


No Postage 
Postage matted 
will be . necessary 
paid by if posted in 
Great Britain 
or Northern 
lreland 


Nuclear Power 














Business Reply Folder Licence WD 1823 





Nuclear Power, 

Rowse Muir Publications Ltd, 
3 Percy Street, 

London, W1 

England 














‘ick No 119 on reply card for further details Tick No 120 on reply card for further details 

















Stockholders 


STAINLESS 


SHEETS - BARS - TUBES 
STRIPS & BLANKS 


| PROFILE CUTTINGS & 
SHEET POLISHINGS 


cD 


(CO XAIDANNIKES: 


LIMITED at Calder Hall... 


P R 0 F | LE ( lJ TT | N G Vital installations, including sub-station switch rooms, at 


the Atomic Power Station are guarded against fire risk by 
T0 A N Y f “ A PE | a highly sensitive Kidde Detection system. 
This, together with Kidde CO2 Fire Protection, provides 
| both preventive and remedial measures—leaving equip- 
ment wholly unharmed in the process. 












Heat Exchangers at Calder 
Hall Atomic. Power Station 








| THEWALTER KIDDE COMPANY LIMITED 


SCAPA HOUSE - PARK ROYAL RD. 
LONDON N.W.10 | KIDDE CO2 FIRE PROTECTION ~ KIDDE OIL MIST DETECTORS 


Tel: Elgar 5811 Telex 25239 Northolt, Middlesex ae Tel : VIKing 6611 





NUCLEAR POWER January 1960 








Tick No 121 on reply card for further details ck 














@ Our contribution to Nuclear Engineering is a range of tools, both Straight 
and Over-the-Wall, offering great versatility. The basic design permits 
of variation to both length and wall gauge to cope with specific 
requirements. We are confident that the inclusion of Cee-Vee tools in 


your equipment will amaze you by their use value and cost economy. 














Horizontal Head LOR. 90 





18 





\ 








ieesiditen ise Write for details of our range — or let us know your special requirements 
LOR. V. / 

Me CARTER & VINER. press toot ENGINEERS 

i COODEN SEA ROAD - BEXHILL - SUSSEX - TELEPHONE: COODEN 143 





NOW AVAILABLE 
The Siebe, Gorman 
Vista Mask is now 
supplied to HARWELI 
and A.W.R.E. 
ALDERMASTON and 
other British Nuclear 
Power Establishments. 





Scientist wearing 

Siebe Gorman Breathing 
Apparatus weighing 
uraniumina laboratory 
at an atomic reactor 
establishment 





Also: Protective Clothing, Dust Respirators, Gas Respirators 
and other types of breathing apparatus 


Write now for further details 


SIEBE, GORMAN 








a 


Neptune Works, Davis Road, Chessington, Surrey 


Grams: Siebe, Chessington Tel: Elmbridge 5900 - Manchester Office: 274 Deansgate Tel: Deansgate 6000 - Agents throughout the World 
TGA SG 20 
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FOSTER 


WHEELER 


DESIGN AND BUILD 








STEAM 
GENERATORS 







SEPARATELY 
FIRED 
SUPERHEATERS 


AIR & GAS 
HEATERS 


WASTE HEAT 
BOILERS 


WATER a 

COOLING 

TOWERS 

Sy SPECIAL TEST 

PLANTS FOR 
NUCLEAR 
RESEARCH 


The Foster Wheeler 
Organisation has 
engineering offices and 
engineering plants in 
Great Britain, the 
United States of 


America, and Canada. 





FOSTER WHEELER LIMITED 





FOSTER WHEELER HOUSE, 3, IXWORTH PLACE, LONDON SW3._ Telephone: KENsington 6363 


NUCLEAR POWER January 1960 


TRIP AMPLIFIERS 


TEMPERATURE, STRAIN, 


and any low level d.c. signal. 
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for monitoring 


Some salient features : 


Transistorised high-speeed chopper 
amplifier. 


Relays and lamps operate at alarm 
and trip levels. 


Trip margin indication with two 
scales at 10:1 sensitivity ratjo. 


Lockable pre-set trip level control 
calibrated 0 — 1000. 


Rejects extraneous 50 ¢.p.s pick-up. 


Incorporates all possible fail-safe 
techniques. 


Compact size, 83” x 34” x 13” 
deep allows 5 units per standard 
19” rack. 


For further information please contact: 


MURPHY RADIO LTD (ELECTRONICS DIVISION) 
WELWYN GARDEN CITY, HERTFORDSHIRE. 
TEL. No. WELWYN GARDEN 3434. 
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LOW 
CROSS-SECTION 


what are the advantages of EXXERES ceramics? 


SINTOX is versatile in the production of a 
wide range of shapes and sizes and is partic- 
ularly suitable for insulating parts in control 
gear, and for mechanical support members. 
This new ceramic has already taken a leading 
place in the design of components for nuclear 
reactors. 


CAPTURE 











HIGH 
RESISTIVITY HIGH 





THERMAL 
CONDUCTIVITY 


For full information write to the 


SINTOX TECHNICAL ADVISORY SERVICE, LODGE PLUGS LIMITED, RUGBY. 








LATINA NUCLEAR 
POWER STATION 


Following its successful application in 
the nuclear power stations at Bradwell, 
Berkeley, Hunterston and Hinkley Point 
SINTOX is now being 
incorporated in the 
design for the Latina 
Nuclear Power Station. 
































All Milne equipment is designed by practical engineers who 
know the exact requirements of the Welding and Allied 
Industries. It includes Brazing, Welding and Cutting Blow- 
pipes, Regulators to suit every purpose, Cutting and Profiling 
Machines, Gas Economisers, Valves for Pipe Lines and 
other necessary welding accessories. 

To provide a comprehensive welding service Milne also offer 
Electric Arc and Resistance Welding Plant and Equipment. 


For full information and details write to:- 


Cc. S. MILNE & CO. LTD. 


Manufacturers of Gas Welding and Cutting Plant and Equipment 
Stockists and Suppliers of Electric Arc Resistance Welding Equipment 


Harley Works, Octavius St., Deptford, London, S.E.8 
Telephone: Tideway 3852 
Also at 172/174 West Regent Street, Glasgow, C.2 
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_VACU-BLAST é 0 the pie-vegyuisile of a 


Vacu-Blast is unequalled for 
weld preparation in the fab- 
rication of pressure vessels. 
Radiographic rejects can be 

reduced considerably by 

the use of Vacu-Blast for 
weld preparation and 
inter-pass deslagging. 


The critical require- 
ments imposed by 
Class | welding 
specifications 
necessitate the 
use of this mobile, 
dust free, grit 
blasting process. 





s yy : 
\») Demonstrations can 


be arranged at your 
works. 











Vacu-blast is the system to ensure complete recovery of abrasive 


VACU-BLAST LTD., WELLCROFT ROAD, SLOUGH, BUCKS. | siouci”24507/9 


PAG 


ROLLED 
STEEL 
RINGS 


IN CARBON AND 
ALLOY STEELS 


Leaflet giving full details of 
manufacturing capacity 


available on request 


000 


JOHN BAKER & BESSEMER LIMITED 


Kilnhurst Steel Works G.P.O. Box No. 3 
Rotherham Yorkshire Phone: Mexboro’ 
2154/7 & 3793 Telegrams: Tyres Mexboro’ 


London Office 
Locomotive House, Buckingham Gate, 
London S.W.|. Telephone: Victoria 5278 
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For levelling gi8 
Mild Steel Plate \S 


This Bronx 5-Roll Plate Levelling Machine is suitable 
for levelling cold mild steel plate up to a maximum 
of 8ft. in width by 2in. thickness, and is designed for 
a levelling speed of I6ft. per minute. 


The levelling rolls consist of three top and two 

bottom rolls, all of which are I24in. diameter. They 
roll necks are finished ground, and the bearing 

assembly so arranged as to preclude entry of scale 

and other foreign matter. 


The top rolls are adjustable by hand with large 
handwheels provided, or by a 7} h.p. reversing motor 
running at 950 r.p.m. The machine is designed to 
operate continuously at the maximum specified 
load and output. 








Similar models made in all sizes, to specification. 


There are also Bronx Press 
Brakes, Guillotine Shears, 
Bending Rolls, Section 
Straightening Machines, 
etc. Write for Catalogues 





BRONX ENGINEERING CO. LTD., LYE, WORCESTERSHIRE Tel. LYE 2307/8 


TT 





. Baltospot * 140 


X-Ray head—S5 Ibs. 


‘Baltospot’ 200 


X-Ray head—84 Ibs. 


‘Baltospot’ 300 


X-Ray head—148 Ibs. 


s 7 + 
‘Baltospot’ units give more KV per LB. 
We are happy to announce that our well known range of industrial X-Ray equipment has been increased to include 
those manufactured by Usines Balteau of Liege. Pantak, as well established manufacturers of X-Ray equipment, are 
able to back the supply of Balteau equipment by their unequalled service. For full information about BALTEAU 
and PANTAK equipment up to 500 KV, write to 


PANTAK i 


VALE ROAD, WINDSOR, BERKS. Telephone: WINDSOR 3225-6 
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Lead screening bricks made 
by Grey & Marten are equipped 
with viewing portholes and a 


Low Cost 
Expansion 


revolving sphere for remote Zs 
handling of radioactive 
sources. 


Office expansion is a continuing 


| 
SIU 


problem for both small 


we 
a 


will INNA 


and large industrial companies 
especially when capital 

costs and completion dates are 
of first importance. 

The answer is TYPE FOUR 
the new range of low 

cost timber buildings which" are 
immediately available 


and capable of fast erection. 





Ask Grey & Marten 
about lead shielding 


(Their new subsidiary, James Girdler & Co., 
has all their skill and experience ) 


GreEY & MARTEN are experts in 
lead. They’ve specialised in 
the manufacture of all kinds of 
lead castings, fabrications and 
fillings for more than a century. 
Interlocking Lead Bricks (in 
one, two and four-inch thick- TYPE FOUR can be supplied completely 
transportable with 95% recoverability. 
Write for Illustrated Brochure, Design 
Sheet and Price List. 


nesses), Lead Sphere Units (in 
two and four-inch bricks), 





Aperture and Viewing Bricks, 
Lead Pots and Isotope Carriers 


Storage pot typical of 
those used in standard 


are all produced under the 








Grey & Marten name. Now safes not already fitted with 
z scti affords 
they have handed over this lead = protection, affords 
ae _ economical storage for VIC HALLAM LTD 
activity to their new subsidiary, radio-active material. 
James Girdler & Co. Ltd. TIMBER BUILDINGS DIVISION 





GREY & MARTEN LTD LANGLEY MILL - NOTTINGHAM 


Established 1833 
CITY LEAD WORKS, SOUTHWARK BRIDGE, S.E.I TELEPHONE: LANGLEY MILL 2301-7 
and at Birmingham, Manchester and Ipswich 


JAMES GIRDLER & CO. LTD 
Mansell Works, Mansell Road, London W.3 CHISWICK 5991 
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Briti 


KING DICK 
STILLSON PIPE 
WRENCHES 





sh & best 









‘ ge. 
oy \ 









King Dick Stillson Pipe Wrenches maintain the 
same high standard of quality expected with all 
our tools. The jaws are subject to a very rigid heat 
treatment control and are 100% hardness-tested to 
ensure reliability. All the individual parts are inter- 
changeable. 

Available in 8” 10” 14” 18” 24” 36” and 48” sizes, 
write for illustrated leaflet. 


' 1 WN 
~ ® Ss 8 © 8 : Abingdon Works, 
KING DICK )) ®:=: 
BUY BRITISH WW Tyseley, Birmingham 11 
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a f OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 
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In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The Wd) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 





Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 


Ph wae oe Oe 














eekrerese WILLIAMS & JAMES (ncweers) LIMITED 
GLOUCESTER - BNGLAND 


TELEPHONE: GLOUCESTER 24021-2-3 - TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER” 
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* Up to 8 changeovers, 15 amp at 250V a.c. 
* Light duty twin contacts can be incorporated. 

* P.T.F.E. insulators on moving parts. 

* Designed to withstand severe shock and vibration. 
* Full tropical finish. 

* Prototypes available in 24 hours. 


* 


Bulk deliveries commencing within 14 days. 


Manufacturers of the full range of 
Post Office Types 3000 and 600 relays. 


L. E. SIMMONDS LTD. 


BYRON ROAD, HARROW, MIDDX. TEL: HARROW 7797 PBX. 
TELEGRAPHIC ADDRESS: SIMRELAY, HARROW 











Photograph by courtesy of United Kingdom Atomic Energy luinaiie 
Ore Store, purification and blending buildings 
at Springfield Uranium Plant, Lancashire 


Ma © 
° 
THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. Alhexexs Sielle 


MIDDLESBROUGH London Office: 56 Victoria Street, S.W.| 
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Have you solved ~ || 
your 


Cooling 


Problems ? 


Undoubtedly, the answer to all water cooling problems is 
PREMIER. PREMIER Cooling Towers and Mechanical Water 
Coolers are among the most highly efficient and economical 
in the world—installed in many of the world’s important works 
and power stations. PREMIER design and erect the plants, 
guarantee the performance and give a 100%, after-sales service. 
Undoubtedly, the scientifically engineered construction and 
high efficiency and economy of PREMIER water coolers is the 
reason why they are acclaimed by engineers everywhere. 

IT IS A FACT that the great economy achieved by PREMIER 
in increased efliciency, saving of water rates and space virtually 
pays outlay and installation costs. 

WE do the designing ourselves WE erect the plants ourselves 

WE manufacture our own plants WE guarantee the performance 
If you have a water cooling problem, write to us—our advice 
is at your service. NP. 1.60 





THE PREMIER COOLER & ENGINEERING CO. LTD. | 
SHALFORD, NR. GUILDFORD, SURREY 
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“TAKE MY TIP— 
USE 
SIFBRONZE 
EQUIPMENT! 


says Will the Welder 





“DEMON” BLOWPIPES :— 
General Duty and Cutting 
Models. 


SIFBRONZE REGULATORS 
Modern precision instruments 
giving constant pressure and 
volume. 


SIFBRONZE CATSEYE GOGGLES 
The most advanced type on 
the market. 


SIF-COMBI PROFILE CUTTING 
MACHINE 

An Automatic dual-purpose 
machine for all kinds of 
cutting work. 


SIF-COLIBRI CUTTING MACHINE 
The clockwork machine which 
turns a hand cutter into a pre- 
cision machine cutter. Ideal 
for flame cutting on site. 


If you want to To: 


Suffolk Iron Foundry (1920) Ltd., 
Stowmarket, Suffolk. 


Please send me leaflets detailing Sifbronze 


know how 
Sifbronze equip- 


ment can help Se. 
you, fill in the aan 
coupon right ADDRESS 
away. 
NP.C/I 
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hydraulic bending 





Easy hand 
movement exerts con- 
trolled force of over 8 tons... 
ample for bending the thick-walled 
tubes increasingly used today. The 
double-acting hydraulic ram unit 
releases the bent tube from the 
tormer easily, without using wedges 
or hammer. 


Jubela 





Ihe bending People 


Write now for full details of the eS ten 


competitively priced TUBELA North Eastern Office: 
range of bending machines for | CUSTOMS HOUSE CHAMBERS 
hand, ratchet or hydraulic opera- Quayside, Newcastle-on-Tyne 
: - : inline Telephone: 21180 
tion, including the 4-in. capacity add 

“ : : Head Office: 
Industrial Machines. One of them FOWLER ROAD, HAINAULT 
is bound to save you money! ! Essex. Tel. Hainault 4426-8 
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The Secomak range of electric 
syrens is extensive. You will 
find them in factories, at pit- 
heads, in mines, on police cars 
and fire engines, in harbours— 
anywhere, in short, where 
warnings, alarms or signals 
may be required and where 
utter reliability is essential. 





eT 


For sp2-ific details and i!lustrated data sheets of the Secomax 
range of electric syrens, please write to Dept. N.P 


SERVICE ELECTRIC CO. LTD. 


HONEYPOT LANE, STANMORE, MIDDLESEX 
Telephone: EDGware 5566/9 
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LASGAR PACKINGS for INDUSTRY 


The widely varying needs of Industrial Engineering are fully met from the range of 


LASCAR Packings. From water and steam to highly corrosive acids, tough, resilient, 
durable, LASCAR Packings meet all existing requirements and most new ones. 





WHITE BELDAMOK BELDAMOK BEDFORD 
The specially developed graphite-free The high grade asbestos packing A range of metal foil packings combin- 
packing for superheated steam at lubricated for general high-tempera- ing low friction with good resilience and 
temperatures up to 1100 F, ture service up to 650 F. designed for high speed rotating shafts. 


Telephone or write for your copy of the LASCAR Manual—the best guide to better service in the application of jointings and packings. 


LASCAR PRECISION PACKINGS 
BELDAM ASBESTOS COMPANY LIMITED: LASCAR WORKS 
HOUNSLOW - MIDDLESEX - Telephone: HOUnslow 7722 (10 lines) 








HOLLAND /SLM 
ROTARY 
COMPRESSORS 


AND 
VACUUM 


PUMPS 


GIVE SERVICE 
FOR TO-DAY 





FOR TO-MORROW 


Part of the English Electric Aircraft Equipment 


Laboratories with three HOLLAND/SLM AND 
2-stage rotary vacuum pumps exhausting the 
altitude test chamber. FOR YEARS AHEAD 


The B. A. Holland Engineering Go. Ltd. 


LINDO LODGE, STANLEY AVENUE, CHESHAM, BUCKS. 


Telephone: Chesham 8406/8 Telegrams: Picturable, Chesham Works: SLOUGH, BUCKS 
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Established 1884 





RADIATION 
PROTECTION 


Lead Lined Doors and Frames, 
Screens and Panelling e Leaded 
Glass Window Units e Barytes 
Shielding e Complete Protection 
Schemes Undertaken to 


Specification 


SOOLE & SON LIMITED 











Dunstable Road + Richmond ~- Surrey 
Telephone: Richmond 0038 
Tick No 144 on reply card for further details 
laboratory 
end runner 
mills 


Available with four mortar sizes, 
7”, 10°, 15”, 20°. Mill supplied 
complete with electric motor and 
starter and with either ceramic 
or metal mortar and pestle 


The mortars and pestles are inter- 
changeable. A ceramic set can be 
used to process material adversely 
affected by contact with metal 
and a metal set, either high grade 
cast iron or stainless iron can be 
carried as a spare set for use on 
material for which ceramic is 
unsuitable. The pesties are 
arranged to swing clear of or lift 
out of the mortars to facilitate 
emptying or cleaning. 


The model illustrated is the No.2 


mill with a 15° diameter mortar 








Write or selephone | THE PASCALL ENGINEERING CO. LTD. 
List EN 3 | GATWICK ROAD - CRAWLEY - SUSSEX. 


List EN 3201. 


' 
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to your individual needs 


ULARED 


HIGEARS ... Gears and Gear Units of the highest quality 
. .. are available in a comprehensive standard range. Special 
HIGEAR Gear Units are also supplied, designed to meet 
individual needs. We are technically equipped to satisfy the 
most exacting requirements. One of our special designs 
produced for the Dounreay Fast Breeder Experimental Reactor 
is illustrated above. 


HIGHFIELD 
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in special designs 


GEAR & ENGINEERING CO., LTD. 
NILE ST., HUDDERSFIELD. 
Telephone: Huddersfield 4490 (3 lines) 
Grams: Higears, Huddersfield. 


7. 
the flow with 
the ‘Telicator’ ia 
Both low and high pressure systems can 
be fitted with a Telicator Visual Flow 
Indicator, which is a simple instrument 
for indicating the flow, whatever the 
viscosity. The rotors are specially de- 
signed by Dukes and Briggs to give the 
clearest indications over specific ranges 
of flow rate. Water supplies for cooling 
purposes and forced lubrication systems 
are two typical applications. A new 
model is under development for use with opaque fluids, and special 
designs can be made to meet specific requirements. 


Note these features 


@ Simple design ensures complete reliability. 

@ Extreme sensitivity at all pressures. 

@ Units readily adaptable to existing installations. 

@ May he mounted in any plane. 

®@ Comparative flow gauged by speed of revolving rotor 





ad « 
REGD 
SIR W. H. BAILEY & COMPANY - LIMITED 
PATRICROFT - MANCHESTER - ENGLAND 


Phone: Eccles 3487-8-9 Grams: Beacon. Telex, Eccles 
LONDON OFFICE: SELINAS LANE, DAGENHAM ESSEX PHONE: DOMINION 2277, 8/9 
TGA TRI 
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UKAEA 




















Gilled Tubes & Heaters 


HUNT HEAT EXCHANGERS, LTD. 
apaeete te LANE, MIDDLETON, MANCHESTER 


VY 
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SCREW MACHINE PRODUCTS LTD. 
Wooburn Green, Nr. High Wycombe, Bucks. 
Telephone: Bourne End 1444) 8 (5 lines) 











THE STOWEBRIDGE 
ELECTRICAL CO. LTO. 


6 Queer Anne's Gate Leadon $.W.1 
Telephone: TRAfaigar 1444 

















Send us your enquiry for A.R.B° | 
DESIGN — PROTOTYPE’— PRODUCTION 
We specialise in 
HIGH VACUUM — HYDRAULICS — U.K.A.E.A. CLEAN ASSEMBLY 
Fabrication and controls for | 
‘NUCLEAR ENERGY — AVIATION — MARITIME and CIVIL PURPOSES 


SANDALL PRECISION CO. LTD. 
WATLING STREET, BLETCHLEY, BUCKS Tel : 3456-8 PBX | Grams : SANDALL BUCKS 


A.1.D. 
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CLASSIFIED © 


DISPLAY ANNOUNCEMENT RATES :— 





ADVERTISEMENTS 


1 insertion 50/- per single col. inch 
6 insertions 47/6 per single col. inch 
12 insertions 45/- per single col. inch 


LINEAGE ANNOUNCEMENT RATES :— S/- per line. 5% discount 6 insertions, 10% discount 12 insertions 
BOX Nos. :— 1/- extra will be charged 
COPY DATE :— Advertisements for February issue to be received not later than 8th January 


SITUATIONS VACANT 





Junior Plant Engineers 


Metallurgists 
Chemists and Physicists 





THE UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
PRODUCTION GROUP REQUIRE 


JUNIOR PLANT ENGINEERS, METALLURGISTS, 
CHEMISTS AND PHYSICISTS AT 


CAPENHURST WORKS, CHESTER 
CHAPELCROSS WORKS, ANNAN, DUMFRIESSHIRE 
SPRINGFIELDS WORKS, SALWICK, PRESTON, LANCS., AND 
WINDSCALE & CALDER WORKS, SEASCALE, CUMBERLAND 


The Group is responsible for the operation of reactor stations at Calder and Chapelcross, the prototype Advanced 
Gas Cooled Reactor and chemical processing plants at Windscale, the fuel element production plants at Springfields 
and the gaseous diffusion plant at Capenhurst. The Works processes are controlled by Engineers and Scientists with a 
background of industrial experience. The work includes production control, labour management, critical examination 
of costs in relation to chemical and physical plant operation. In each Works there is a large Engineering Branch 
responsible for plant and instrument maintenance and workshop organization. 
These appointments are in an introductory grade with duties designed to give varied experience in aspects of works 
operation with a view to promotion to managerial status to more senior staff. 
Engineers are required to have an honours degree in engineering, with approved apprenticeship or experience, a 
diploma of technology, or graduate membership of a senior engineering institution. Consideration will be given to 
candidates who are nearing completion of qualifications for graduateship. 
Chemists and Physicists must have an honours degree in Chemistry, Physics, Metallurgy, Engineering or Chemical 
Engineering, or equivalent. 
Commencing salary according to age within scale—£595 (at age 20) to £1,025 
Contributory Superannuation. Staff Housing Scheme. 
Send postcard to the Works Secretary at the location of your first preference quoting reference P.126/J28. 








COURSES 














BABCOCK & WILCOX 
Fellowship in Nuclear Engineering 
Applications are invited for this 
Fellowship, which is tenable in the 
Nuclear Engineering Laboratory of 

QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON). 
The laboratory is at present en- 
gaged in nucleonic, heat transfer, 
reactor stability and thermonuclear 
research, but applications will be 


considered from candidates with 
other interests in the field of 
nuclear engineering. The normal 


duration of the Fellowship will be 
three years, and its value will be 
from £700 to £1,200 p.a. Applica- 
tion forms and further details ob- 
tainable from the Registrar, Queen 
Mary College (University of Lon- 


don), Mile End Road, E.1. should 
be returned as soon as possible 
and in any case not later than 


January 30th 1960. 


SAFETY OFFICER 


A vacancy exists for a Safety 
Officer on the Nuclear Power 
Station at Trawsfynydd, Merioneth, 
North Wales, Only those with con- 
siderable experience on Power Sta- 
tion or similar projects will be 
considered. 


Sent full particulars of 
previous experience to: 
Labour & Personnel Manager, 
N.C.C., Trawsfynydd 





FOR SALE 





LARGF REDUNDANT STOCK 
OF S.S. CONTAINERS 
16” x 11” x 11” with double lid; 28” x &” x 


30” high, open top. Also three sizes with 
hinged lid, inner basket, fasteners, etc 
13 x 11 x ae 11” . 3 x 6"; 


T2217 oF 
L. SOLLOMAN, LTD., 
Beaufort Street, Manchester, 3. 
BLA. 4571. 








THE UNIVERSITY OF SOUTHAMPTON 
Departments of Civil and Mechanical 
Engineering 
STRUCTURAL PROBLEMS IN 
NUCLEAR REACTOR ENGINEERING 

A residential course will be given in the 
Engineering Laboratory from April 4th to 
Rth 1960. 
introduce 
problems en- 


intended to 
structural 


Ihe course is 
engineers to. the 


countered in the design of nuclear power 
reactors, 
It will begin with a broad outline of 


modern methods of analysing — statically 
indeterminate structures and proceed to an 
examination of the state of stress in struc- 
tural components of a reactor subjected to 
loading and thermal effects. Both the elas- 
tic and plastic states will be considered, as 
will the application of electronic digital 
computers to the analyses 

The course will also deal with the effect 
of radiation on engineering materials and 
with constructional techniques in so. far 
as they affect design 

The lectures will be given by specialists 
invited from industry and the universities. 

The fee for the course, including ac- 
commodation and all meals, will be £20 

Enquiries should be addressed to: 
Dr. J. R. Rydzewski 


(Organising Secretary) 
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SITUATIONS VACANT 





CONTROLLED THERMO-NUCLEAR REACTORS 


[lerranti 


An important vacancy has arisen at the 
WYTHENSHAWE LABORATORIES 


for a 
SENIOR RESEARCH PHYSICIST 
to build up and lead a team 
concerned with the development of high-power gas-discharge switches for 


the control of thermo-nuclear reactors. 


First-class post-graduate experience in gas-discharge physics and an ability 


to direct research and development 


are essential. It is expected that the 


successful candidate will be about 30 years of age. 


The Wythenshawe premises of the Company are located in pleasant sur- 
roundings on the Cheshire boundary with easy access to rural areas. The 


appointment carries a salary fully 


commensurate with experience and 


qualifications. A staff Pension Scheme and a Dependants Insurance Scheme 


are in operation. 


Forms of application can be obtained from : 
T. J. Lunt, Staff Manager, 
Ferranti Limited, 
Hollinwood, Lancs. 
Please quote reference JRPW. 





are required at Risley to control sections 





CHEMICAL PLANT 
DESIGN ENGINEERS 


responsible for the design of large projects. 
The work will include novel and 
conventional mechanical and chemi- 
cal engineering problems arising 
from the use of special materials 
and will involve, for example, pro- 
vision for the remote operation of 
plant and equipment and design of 
associated laboratories and services. 
Specialization in any one aspect is 
not intended. 
Applicants must have served a recognized 
engineering apprenticeship and be corporate 
members of a senior engineering institution 
or equivalent. Considerable experience of 
high quality chemical engineering design is 
essential and an honours degree in mechani- 
cal or chemical engineering may be an 
advantage. 
Salary within range £1370 to £1825 accord- 
ing to qualifications and experience. 
Posts at a higher level with salaries up to 
£2180 may be available from time to time. 
Contributory superannuation, Staff housing 
scheme. 

Send postcard for application form, quoting 
reference 147/J28 to: Recruitment Otticer, 
UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, 
(Development and Engineering Group), 
Risley, Warrington, Lancashire. 
Closing Date: 18th January, 1960 














Telephone your classified 


advertisement to 
MUSEUM 8252 








AT YOUR SERVICE — WHEN YOU NEED AN EXPERT 











ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 


ALPHAMIN LTD. 


4 Dunston Street, Kingsland Road, 
London, E.8. Tel.: CLIssold 4161 











Technical Translations 
PERSONAL, PROMPT AND ACCURATE 
ATTENTION TO ALL YOUR 
REQUIREMENTS 
THE WESTMINSTER 
TRANSLATION BUREAU 
M. DANDO, M.A. D. S, TAVENER, F.I.L. 
24 Wardour Street, London, W.1 
fe..: GERrard 4745 





DESIGN TEAMS 
available for plant and mechanical 
engineering projects in the nuclear field 

NORRIS BROTHERS LTD 
53 Victoria Street, London, SW1 
Telephone : ABBey 6132 











GAMMA RADIOGRAPHY OF PIPELINES 
GAMMA AND X-RADIOGRAPHY OF 
TANKS AND PRESSURE VESSELS 
Weld examination to Lloyds, etc. Quick, 
efficient services available for work on 
site now. 


GAMMAX (LONDON) LTD., 
Cecil House, Wharfdale Road, 
London, N.1 
Telephone: TERminus 0677 and 6925 











SHEET METAL WORK 
All Materials « Skilled Work 
MABBOTT & CO. LTD. 
EST. 1901 
SHEET METAL DIVISION 


Phoenix Works, Poland Street, 
Manchester, 4. Collyhurst 1773 














| MANCUNA ENGINEERING 
LTD 


DENTON, MANCHESTER 
| SPECIALISTS IN GAS CLEANING 
AND DUS. TECHNOLOGY 
District Office: 
59 Victoria Road, Surbiton, Surrey 
Tel: ELMbridge 9793 
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MAY WE HELP YOU ? 
THE BALFOUR GROUP OF 
COMPANIES 
Aeronautical, Nuclear, Electronic 
and General Engineers. 
Special purpose machines and con- 
trols, gauge, tool and _ pattern 
manufacturers 
OFFER A COMPLETE SERVICE 
Design, Drawing, Planning, Devel- 
opment, Machining up to 60 in. 
diameter in Stainless, Monel, 
Nimonic, High Tensile Steel, Alu- 

minium etc. 
Welded Fabrications from 1 in. to 
40 ft long. 
Die Sinking, Spraying, General 
Finishes, Heat Treatment, and 
Assembly. 
PROTOTYPE & PRODUCTION 
REQUIREMENTS 
For prompt attention write, ’ phone 
or Telex 
BALFOUR (MARINE) 
ENGINEERING CO. LTD. 
290/296 High Road, Ilford, Essex 
ILFORD olll TELEX 
7 lines (PBAX) 22302 
Fully Approved Ministry of Supply 
(A.L.D.), D.G.1L, A.R.B., 1.E.M.E. 


On Official Mz inufacturing Lists and 
Approved Tenderers to—U.K.A.E.A,. 





X-RADIOGRAPHY 
of welds and castings offered up to 14” 
thickness, also high vacuum test facilities. 
IMMED.ATE SERVICE 
THOS. RYDER & CO. MANCHESTER 
COMMERCIAL STREET WORKS, 
KNOTT MILL, MANCHESTER 15 
Central 6753 














R. & J. PARK LTD 
Dominion Works, Chiswick 
England 


* 

Export packers, shippers and for- 

warding agents, Specialists in 
packing heavy machinery 




















C. W. GARRETT & SON 


for 
ALL DRAWING OFFICE’ SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


e@ 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 
Telephone : [SLeworth 4433 (4 lines) 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 


> Ot Ot 


Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove. MAIDENHEAD. ’phone 1522/23. 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 
PROFILES CUT TO ANY THICKNESS OR SIZE 
CASTINGS TO CUSTOMERS SPECIFICATION q 
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The most complicated 
Stainless steel vessel 
ever made 


The Dounreay reactor vessel is a complex 45-ton 
stainless steel vessel with eccentric rotating top shields 
and contains the core, breeder blanket, control rod 
operating mechanisms, recording instruments and the 
liquid-metal which is circulated to the primary heat 
exchangers. Every welded joint was radiographed, re- 
quiring 3,750 negatives. The whole unit is manufactured 
to very fine tolerances — 0°1°% circularity, 0°03°. align- 
ment and almost perfect concentricity. John Thompson 
have also manufactured the stainless steel liquid-metal 
circuits, primary and secondary liquid-metal heat ex- 
change systems and complete steam and water plant 


including boilers. 
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Manufactured in) John Thompson's 

Wolverhampton Works for the U.K. 

ftomic Energy Authority's Fast 
Breeder Reactor at’ Dounreay 
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REMOTE HANDLING EQUIPMENT 


NUCLEAR EQUIPMENT LIMITED 











